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ABSTRACT 

We report on a high angular resolution survey of circumstellar disks around 
24 northern sky Be stars. The iT-band continuum survey was made using the 
CHARA Array long baseline interferometer (baselines of 30 - 331 m). The inter- 
ferometric visibilities were corrected for the flux contribution of stellar compan- 
ions in those cases where the Be star is a member of a known binary or multiple 
system. For those targets with good (m, v) coverage, we used a four-parameter 
Gaussian elliptical disk model to fit the visibilities and to determine the axial 
ratio, position angle, i^-band photospheric flux contribution, and angular diam- 
eter of the disk's major axis. For the other targets with relatively limited {u, v) 
coverage, we constrained the axial ratio, inclination angle, and/or disk position 
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angle where necessary in order to resolve the degeneracy between possible model 
solutions. We also made fits of the ultraviolet and infrared spectral energy dis- 
tributions to estimate the stellar angular diameter and infrared flux excess of 
each target. The mean ratio of the disk diameter (measured in i^'-band emis- 
sion) to stellar diameter (from SED modeling) is 4.4 among the 14 cases where 
we reliably resolved the disk emission, a value which is generally lower than the 
disk size ratio measured in the higher opacity Ha emission line. We estimated 
the equatorial rotational velocity from the projected rotational velocity and disk 
inclination for 12 stars, and most of these stars rotate close to or at the critical 
rotational velocity. 

Subject headings: stars: emission-line. Be — stars: rotation — circumstellar 
matter — infrared: stars — instrumentation: interferometers — techniques: high 
angular resolution 



Introduction 



Classical Be stars are non-supergiant, B-type stars that are surrounded by hot gaseous 
disks. This circumstellar gas is responsible for many observational characteristics such as 
hydrogen B aimer emissi on lines, IR flux excess, and short- and long-term flux variability 
( iPorter &: Riviniusll2003[ ). Optical and infr ared interf erometry has become an important tool 
in characterizing B e stars and their disks (ISteell201l[ ). The first interferometric survey of Be 
stars was made by Quirrenbach et al. ( 19971 ) to resolve the Ha emission in seven Be stars. 
Their survey showed that the er nitting regions are f latten ed, which is strong observational 
evidence of a disk-like geometry. iQuirrenbach et al.l (119971 ) combined optical interferometry 
and spectropolarimetry to derive the disk positioii angle on the sky, and t hey found good 
agreement between these techniques. iTycner et al.l (l2004j . |2005| . l2006l . 120081 ) used the Navy 
Precision Optical Interferometer (NPOI) to observe the Ha emission from the disks of seven 
Be stars. Their observations showed that a direct correlation exists between the disk sizes 
and the net Ha luminosities. 

Infrared observations hav e begun to reveal the spatial properties of the continuum and 
line emission of Be star disks. iGies et al.l ( 120071 ) made the first CHARA Array long-baseline 
interferometric observations in the ii'-band of four bright Be stars, 7 Gas, Per, C, Tau, 
and K Dra, and the y were able to r e solve the disks and to constrain their geometrical and 
physical properties. iMeilland et al.l (120071 ) studied the geometry and kinematics of the Be 
star K CMa i n the Br7 emis si on lin e and in the nearby continuum using the VLTI/ AMBER 
instrument. iMeilland et al.l ( 120111 ) observed the Be binary system 5 Sco using spectrally- 
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resolved interferometry with the VLTI/ AMBER and CHARA/VEGA instruments. Their 
observations show that the disk varie s in size from 4 . 8 mas in Ha, to 2.9 mas in Br7, and 
to 2.4 mas in the i^-band continuum. iMeilland et aLl (j2012[ ) completed a survey of eight Be 
stars with VLTI/AMBER and measured the disk extensions in the Br7 line and the nearby 
continuum. Their study suggests that the disk kinematics are dominated by Keplerian 
rotation and that the central star s have a mean ratio of angular rotational to critical velocity 
of l^rot/f^crit = 0.95. In addition, iMeilland etaP J2OO9I ) used the VLTI/MIDI instrument to 
determine the iV-band (10 /zm) disk angular size for seven Be stars. 

Interferometry offers us the means to explore Be star disks in large numbers and to begin 
to understand their properties as a whole. Here we present results from such a survey that we 
conducted in the K-hand continuum using the CHARA Array long-baseline interferometer. 
In Section 2, we list our sample stars, present our observational data sets, and describe the 
data reduction process. In Section 3, we describe a method that we implemented to correct 
the interferometric measurements for the flux of stellar companions. We discuss in Section 4 
the spectral energy distributions and their use in estimating the stellar angular diameter and 
infrared excesses of Be stars. In Section 5, we present fits of the interferometric visibilities 
using simple geometrical models, and in Section 6, we discuss the results with a particular 
comparison of the i^'-band and Ha disk sizes. Finally, we summarize our results and draw 
our conclusions in Section 7. 



2. Observations and Reduction 



We selected 24 Be stars as targets for this interferometric survey. The main selection 
criteria were that the stars are nearby and bright, well within the limiting magnitude of the 
CHARA Classic tip-tilt servo system {V < 11) and the near-IR fringe detector {K < 8.5). 
The selected Be stars had to have declinations north of about —15° to be accessible with the 
interferometer at low air-mass values. Furthermore, most of the targets have recently shown 
hydrogen emission and a near-IR flu x excess. We relied p a rticularly on s pectro p hotometric 



and H a obs ervations conducted by iTycner et al.l (120061 ) . iGrundstromI (120071 ). iGies et al. 



(120071 ). and iTouhami et al.l ( I2OIOI ). The targets and their adopted stellar parameters are 
presented in Table [1] Columns 1 and 2 list th e star names, columns 3 to 5 list the spectral 
classification from the cor npilation bv lYudinl ( 120011 ) and the stellar effective temperature 
Teff and gravity logg from lFremat et al.l ( l2005l ) (see th eir Table 9 "Appare nt parameters"). 
The stars HD 166014 and HD 202904 are iiot hste d bv lFremat et all J2005h . so we used the 
parameters for these two from IGrundstromI (|2007l ). Columns 6 and 7 list predictions for the 
position angle PA of the projected major axis of the disk that should be 90° different from 
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the intrinsic polarization angle ( lMcDavidlll999l : lYudinll200l[ ) and for r, the ratio of the mino r 
to major axis sizes according to the estimated stellar inclination from lFremat et al.l (|2005[ ). 



Measuring the instrumental transfer function of the CHARA Array interferometer is per- 
formed by observing calibrator stars with known angular sizes before and after each target 
observation. The calibrator stars are selected to be close to the targets in the sky, unresolved 
with the interferometer's largest baseline, and without known spectroscopic or visual binary 
companions. We collected photometric data on each calibrator star in order to construct their 
spectral energy distribution (SED) and t o determine the ir angular diameter. The collected 
UBVRIJHK photometry (available from lTouhamill2012[) is trans forme d into calibra t ed flu x 
measurements using procedures described by IColina et al.l (Il996l ) and ICohen et al.l (120031 ). 
The stellar effective t emperature Tgfj and the gravity log g (generally from the compilation of 
Soubiran et al.ll2010l ) are used to produce a model flux distribution that is based on Kurucz 
stellar atmosphere models . Note that we generally us ed Johnson U rnagnitu des compiled by 
Karatas fc Schusten (120061 ) and -B, V magnitudes from lAmmons et al.l (120061 ) . who list Tycho 
B and V magnitudes that are slightly different f rom Johnson B, \^ magnitudes. The photo- 
graphic R and I magnitudes were collected from lMonet et al.l (120031 ). which are only slightly 
different from Johns on R, I magnitudes. T he near-IR J, H, K photometry was collected from 
the 2MASS survey (ISkrutskie et al.l 120061 ). The use of non-standard photometry introduces 
errors in the best-fit, limb-darkened angular diameter of the calibrators that are comparable 
to or smaller than the estimated uncertainties given in Table 2. We also collected measure- 
ments oi E{B — V) and applied a reddening correction to the model SED before fitting the 
SED of the calibrators. We then computed a limb-darkened angular diameter O^j:, by direct 
comparison of the o bserved and m odel flux distributions. Based upon the limb- darkening 
coefficients given by IClaretl (120001 ) , we transformed the limb-darkened angular diameter to 
an equivalent uniform-disk angular diameter Oud assuming a projected baseline of 300 m. 

Columns 1 and 2 of Table H] list the calibrator star and its corresponding target, respec- 
tively, columns 3 and 4 list the calibrator effective temperature and reference source, 
columns 5 and 6 give the surface gravity log (7 and reference source, column 7 gives the spec- 
tral classification, and columns 8 and 9 list the adopted interstellar reddening E{B — V) 
and the reference source, respectively. Column 10 of Table |2] lists the best-fit limb-darkened 
angular diameter Old derived from fitting the calibrator SED, and column 11 lists the cor- 
responding uniform-disk angular diameter 9ud- 

The observations were conducted between 2007 October and 2010 November using the 
CHARA Classic beam comb iner operating in the i^-band (effective wavelength = 2.1329 /im; 
ten Brummelaar et al.ll2005l ). We need a minimum of two interferometer baselines at sub- 
stantially different projected angles on the sky to map the circumstellar disks around our 
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targets, and we generally used the South- West baseline of length ~ 278 m oriented at 39° 
west of north (Sl/Wl) and the South-East baseline of length ~ 330 m oriented at 22° east 
of north (Sl/El). Each target and its calibrator were observed throughout a given night in 
series of 200 scans recorded with a near-IR detector on a single pixel at a frequency that 
ranged between 500 - 750 Hz, depending on the seeing conditions of each particular night 
of observation. The interferometric raw visibilities were then estimated by performing an 
integration of the fringe power spectrum . We used the CHARA Data Reduction Software 



(ReduceIR; Iten Brummelaar et al.ll2005l ) to extract and calibrate the target and the calibra- 
tor interferometric visibilities. Then the raw visibilities were calibrated by comparing them 
to the time-interpolated calibrator visibilities and rescaling them according to the predicted 
calibrator visibility for the given projected baseline and stellar angular diameter. The re- 
sulting calibrated visibilities are listed in Table E] (given in full in the electronic version). 
Column 1 of Table E] lists target HD number, column 2 lists the heliocentric Julian date of 
mid-observation, column 3 lists the telescope pair used in each observation, columns 4 and 
5 list the u and v frequencies, respectively, column 6 lists the projected baseline, column 
7 lists the effective baseline (see § 5.2), columns 8 and 9 list the calibrated visibility and 
its corresponding uncertainty, respectively, and lastly, columns 10 and 11 list the visibility 
measurements and uncertainties corrected for the flux of stellar companions for those cases 
with known binary parameters. We will discuss this correction in detail in the next section. 

The internal uncertainties from fitting individual fringes are generally smaller than < 
5%. The scatter in the data depends mostly on the target magnitude and seeing conditions 
at the time of the observations, which usually varies with a Fried parameter in the range 
ro — 2.5 — 14 cm. The visibility uncertainties for the brightest targets range between 2% 
and 5%, while those for the faintest ones reach up to 8%. 

Overall we obtained a relatively good set of observations at different hour angles for each 
star in our sample, with the exceptions of HD 58715 and HD 148184 where the position angle 
coverage was limited to only one projected baseline. Figure Set 1 shows the distribution of 
the observations in the {u, v) plane for our sample. 



3. Correction for the Flux of Nearby Companions 

3.1. Influence of Binary Companions on Interferometric Measurements 

Our measurements of the sizes and orientations of Be star disks are based upon the ob- 
served decline in visibility caused by the extended angular distribution of disk flux. However, 
a drop in visibility can also occur if a stellar companion is within the effective field of view of 
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the interferometer, and if the binary component is ignored, then the disk dimensions will be 
overestimated (in the extreme case apparently implying the presence of a large disk where 
none is present). Binary systems are relatively common a mong B-stars in general and Be 
stars in particular ( lAbtlll987l : iMason et al.lll997l : lGiesll200ll ). so it is important to investigate 
what role they play in the interpretation of our interferometric measurements. 

Fortunately, the signatures of binary companions in interferometric observations are 
well u nderstood (IHerbison- Evans et al.lll97ll : [Armstrong et al.lll992l : lDyck et al.lll995l : lBoden 
2000), and given the projected separation and magnitude difference we can determine how 
the companion will affect our measurement. According to the van Cittert-Zernicke theorem, 
the complex visibility is related to the Fourier transform of the angular spatial distribution 
in the sky, and the measured fringe amplitude is proportional to the real part of the visi- 
bility (jPyck et al.lll995l : lBodenll2000( ). In the ideal case of a binary star consisting of two 
point sources, the visibility varies according to a cosinusoidal term with a frequency that 
depends on the projected separation and the baseline and wavelength of observation. The 
interferometric fringe observed will display an amplitude that depends on the real part of 
the visibility according to the projected separation and binary flux ratio. For observations 
like ours that record the flux over a wide filter band, the fringe pattern is only seen over a 
range in optical path delay that is related to the coherence length. Binaries with separations 
smaller than the coherence length will display the full ampli tude variation expected from 



the y isibility dependence on binary separation and fiux ratio (iBodenI l2000l : iRaghavan et al. 



20091 ) , while th ose with separations larger than the coherence length will ap 



fringe packets (jPyck et al.lll995l : lO'Brien et al.ll201ll : IRaghavan et al.ll2012l ). 



Dear as separated 



Thus, there are several separation ranges that are key to this discussion. First, we may 
ignore those binary companions that are outside of the field of view of the interferometer 
(0.8 X 0.8 arcsec; §3.6) and separated by more than atmospheric seeing disk. Second, there 
are binary companions that are effectively within the field of view, but whose projected 
separations are large enough that the fringe packets of the components do not overlap (> 9 
mas for an observation with a 300 m baseline). This is by far the most common case for our 
observations, and indeed the fringe packet of the companion is usually located far beyond 
the recorded scan. In this situation the flux of the companion will act to dilute the measured 
visibility of the fringe but will not change its morphology (§3.3). Third, there are binaries 
that have such small projected separations (< 9 mas for an observation with a 300 m baseline) 
that their fringe packets overlap and create an oscillatory pattern in the observed visibility 
due to the interference between fringe packets (§3.3). This probably occurred in only a few 
cases among our observations (§3.7). 



Ideally, we should model the fringe visibility in terms of the binary projected separation 
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and flux ratio together with a parametrization of the Be disk properties (§5.1). However, 
because this is a survey program, our observational results are generally too sparse in cov- 
erage of baseline and position angle range to attempt such a general solution. For example, 
most of the known companions have angular separations that are relatively large, and the 
fringe packet of a companion would have only been recorded in short baseline observations. 
However, such short baseline data would not resolve the Be disks, which is our primary sci- 
entific goal. There are a few cases where the projected separations are small and the binary 
creates oscillations in visibility with projected baseline, but again our baseline coverage is 
generally too sparse to measure these together with the disk properties. Consequently, we 
made the decision to rely solely on published data on the binary companions of our targets 
(§3.2) in order to perform the corrections to the measured visibility where it was necessary 
to do so (i.e., the known companion was sufficiently bright and close enough to influence our 
visibility measurements). 

The visibility correction procedure we adopted i s outlined in the fo llowing subsections. 



The method is built upon the scheme described by iDyck et al.l (119951 ) and considers how 
a binary companion influences the appearance of the combined fringe packets. We use 
estimates of the flux ratio (§3.5, 3.6) and the orbital projected separation (§3.2) for each 
observation to build a numerical relation between the Be star visibility and net observed 
visibility. Then we interpolate within these relations to determine the Be star visibility 
alone (§3.3). We also extend this approach to correct the visibilities for two multiple star 
systems (§3.4). 



3.2. Binary Stars in the Sample 



Many Be stars in our sample are known binaries or multiple systems. We checked for 
evidence of the presence of companions throug h a literature searc h with frequent consul- 



tation of the Washington Double Star Catalog (IMason et al.l 20011) . the Fourth Catalog of 
Interferometric Measurements of Binary Stars Martkopf et al.ll200l[ ). and the Third Photo- 
metric Magnitude Difference Catalo J. We only considered those companions close enough 
to influence the interferometry results (i.e., those with separations less than a few arcsec). 
We show the binary search results in Table HI which includes visual binaries (typical periods 
> 1 y) and spectroscopic binaries (typical periods < 1 y). Columns of Table H] list the star 
name, number of components, reference code for speckle interferometric observations, and 
then in each row, the component designation, orbital period, angular semimajor axis, the 



http: / /www. usno.navy.mil/USNO / astrometry/optical-IR-prod / wds / dm3 
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estimated i^'-band magnitude difference between the components /\K, a Y or N for whether 
or not a correction for the ffux of companions was applied to the data, and a reference code 
for investigations on each system. Entries appended with a semi-colon in Table S] indicate 
parameter values with large uncertainties. These include the single-lined spectroscopic bi- 
naries, where we simply assumed a primary mass from the spectral classification and IM© 
for the companion to derive the semimajor axis a, which was trans formed to an angular 



semimajor axis using the distance from Hipparcos (Ivan LeeuwenI 120071 ). 



We find that ten of the 24 Be stars in our sample have no known companion, and 
five others have companions that are too faint (all single-lined spectroscopic binaries) to 
influence the interferometric measurements. Thus, no corrected visibilities are listed for 
these 15 targets in Table 3. However, the companions were bright enough {AK < 3.2) and 
close enough (separation < 1") for the remaining nine targets that we had to implement the 
corrections method outlined below. 

We need to determine the companion's separation and position angle at the time of 
each observation in order to find the angular separation projected along the baseline we 
used. This was done by calculating the binary relative separation for the time of observa 



tion fr om the astrometric orbital parameters using the method outlined by iRaghavan et al. 



( 120091 ). We show in Table |5]the adopted orbital parameters for those binaries where we made 
visibility corrections. Note that no entry is present for HD 166014, where only one published 
measurement exists (see Appendix), and we simply assumed that the projected separation 
was larger than the recorded scan length. There are four cases where we present new orbital 
elements that are based upon published astrometric measurements, and we caution that 
these are preliminary and used only to estimate the separations and position angles at the 
times of the CHARA Array observations. Details about these preliminary fits are given in 
the Appendix. 



3.3. Fringe Visibility for Be Stars in Binaries 

The changes in visibility caused by a binary companion can be described equivalently in 



(Dvck et al. 


1995; 


Boden 


2000) 



that simulates the binary changes and that is directly applicable to the fringe amplitudes 
that we measure. We begin by considering how the fringe patterns of binaries overlap in 
order to assess the changes in visibility caused by a binary consisting of two unresolved stars, 
and then we extend the analysis to the situation where one star (Be plus disk) is partially 
resolved. The fringe packet for star i observed in an interferometric scan of changing optical 
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path length has the form 



^ smx , a 

Fi = cos27r- + 1 

X A 



where x = na/Acoh, o, is the scan position relative to the center of the fringe, Acoh is the 
coherence length given by X^/6X (equal to 13 fim for t he CHARA Classic K ' filter), and is 



a phase shift introduced by atmospheric fluctuations (jO'Brien et al.ll201ll ). If two stars are 
present in the field of view (§3.6) with a projected separation along the scan vector of X2, 
then their fri nge patterns may overlap and change the composite appearance of the fringe 



according to (IBodenl 120001 ) 



where /i and /2 are the monochromatic fluxes of the stars. Then the fringe visibility is 
calculated by 

y _ max(Ftof) - min(Ftof) 
2 + max(Ftot) + mm{Ftot) ' 
In this discussion we will ignore the very small decline in fringe amplitude related to the 
angular diameters of the stars themselves, because their angular diameters are all very small 
(see Table 6 below). 

We show a series of such combined fringe patterns in the panels of Figure [2] for an 
assumed flux ratio of /2//1 = 0.5. In the top panel, the projected separation is zero, and 
the two patterns add to make the fringe pattern of a single unresolved star. The associated 
visibility that we would measure equals one in this case. However, in the second panel from 
the top, we show how a projected separation of 1 /xm results in a much lower visibility because 
the peaks associated with star 1 are largely eliminated by the troughs associated with star 
2. In the third panel from the top, the separation is just large enough (comparable to the 
coherence length) that the fringe pattern of the companion emerges from the blend, and the 
lower panel shows a separated fringe packet in which both fringe patterns are clearly visible. 
Note that the relationship between the projected angular separation (mas = milli-arcsecond) 
and the separation of fringe centers (/xm) is given by 

_ 206.265p^^ 

Pmas — [^) 

where B is the projected baseline in meters. For instance, using a 330 m baseline, the longest 
scan length is 150 /im, which corresponds to a separation of ~ 94 mas. 

We show in Figure [3] the net visibility that would be measured as a function of projected 
separation X2- This shows that in general the observed visibility will be less than that of a 
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single star. As expected, for very close separations the visibility varies cosinusoidally with 
X2 with a frequency of 27r/A. On the other hand, for projected separations larger than 
the coherence length Acoh, the visibility approaches the value 1/(1 + /2//1) equal to the 
semiamplitude of the flux diluted fringe pattern of the target. 

Now suppose that star 1 is a Be star with a disk that is partially resolved, so that if 
it were observed alone, it would show a visibility V = Vc < 1. Consequently, its fringe 
pattern would have an semiamplitude given by Vc/ (1 + /2//i)- We show a selection of model 
binary fringe patterns in Figure S] again for /2//1 = 0.5 and a specific separation of X2 = 10 
/im. The panels show from top to bottom the progressive appearance of the combined fringe 
patterns as Vc drops from 1 to 0.25. Now the visibility drops in tandem until Vc = 0.50 where 
the maximum and minimum are set by the fringe pattern of the companion. We show the 
relationship between the Be star visibility Vc and the net observed visibility Vo in Figure O 
(solid line for X2 = 10 yum). At this separation, there is some slight destructive interference 
between the fringe patterns that decreases the maximum amplitude for star 2, and as Vc 
declines to zero, the net visibility attains the amplitude of star 2 alone (/2//i)/(l + /2//i)- 
Figure O also shows the (Vc, Vo) relationship for two other separations. The dotted line shows 
the case of zero separation for maximum constructive interference, and here the visibility 
declines linearly to (/2//i)/(l + /2//1) as Vc tends to zero. Finally, the dashed line shows 
the case for a very large separation in which the fringe pattern of star 2 falls beyond the 
recorded portion of the scan. Here the visibility starts at its diluted value of 1/(1 + /2//1) 
at V"c = 1 and declines to near zero at Vc = 0. 

Thus, to correct the observed visibilities for the presence of a companion, we need a 
diagram like Figure[5]for each observation of a target. We calculated the projected separation 
of the stars at the time of the observation from the dot product of the relative position vector 
(from the angular orbital elements given in Table 5) and the [u, v) spatial frequencies for 
the baseline used. Then we created an associated {Vc-, Vq) diagram for each observation 
based upon the projected separation and effective flux ratio. The corrected visibility Vc 
was then found by interpolating in the relationship at the observed Vo value. In some 
rare circumstances, we encountered a double-valued (V^, relation, so no correction was 
attempted because of this ambiguity. 



3.4. Fringe Visibility for Be Stars in Multiple Systems 

There are six systems in our sample with two or more close companions. Both com- 
panions of HD 5394 (7 Cas) are faint, so no correction was made. In the cases of HD 23862 
(Pleione) and HD 200120 (59 Cyg), the inner companion is very faint, so corrections were 
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made for only the outer, brighter companion. The spectroscopic pair that comprises the B 
component of HD 4180 (o Cas) has such a small angular scmimajor axis that it was treated 
as a single object, and thus this system was also corrected as a binary star (§3.3). This left 
two systems, HD 198183 (the triple A Cyg) and HD 217675 (the quadruple o And), that 
required corrections for the flux of additional components. The very close B pair of o And 
was regarded as a single object (see Appendix), so both A Cyg and o And were treated as 
triple star systems. 

We made visibility corrections for these two systems in much the same way as for the 
binaries, except in this case the fringe normalizations were assigned by 

1 + /2//1 + /3//1 1 + /2//1 + /3//1 1 + /2//1 + /3//1 ■ ^ ^ 

Again, we formed model visibilities from the coaddition of the fringe patterns, determined 
the {Vc, Vo) relationships for the time and baseline configuration of each observation, and 
then used the inverted relation {Vg, Vc) to determine the corrected visibility. 

Unfortunately, there are significant uncertainties surrounding both the magnitude dif- 
ferences and orbital elements for the companions of HD 198183 and HD 217675, and these 
introduce corresponding uncertainties in the amounts of visibility correction. Our results 
on these two systems must therefore be regarded as representative visibility solutions rather 
than definitive ones. However, the corrected interferometry visibilities are all close to one for 
these two Be stars, which suggests that their disks are only marginally resolved if at all. On 
the other hand, the much lower uncorrected visibilities of these two show that the influence 
of the companions is clearly present. Both targets will be important subjects for future, 
multiple baseline observations with the CHARA Array to determine their orbital properties. 



3.5. K-hand Magnitude Difference 

Our visibility correction procedure requires a knowledge of both the projected separa- 
tion of the stars (§3.2) and their monochromatic flux ratio. Unfortunately, the magnitude 
differences between the Be star primary and the companion are generally available only in 
the y-band, and we need to estimate the magnitude differences in the X-band. We must 
consider the color difference between the components and how much brighter the Be star plus 
disk appears in the X-band compared to the F-band. The predicted magnitude difference 
is given by 

AXobs = -2.5 logio ;pr^ = -2-5 log^o ^ + 2.5 log^o U + y] (6) 
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where F2, Fi, Fd are the monochromatic i^'-band fluxes for the Be companion, the Be star, 
and the Be disk, respectively. We can estimate the first term from the color differences of 
the Be star and companion using 



/\K^ 



bin 



-2.51ogioTf = AHin+(V^ 



K)^-{V-K), 



(7) 



where we will assume that the disk contribution is negligible in the l^-band so that /\Vun = 
A\4bs- In the absence of other information, we estimated the color differences {V — K) by 
assuming that both the Be star and companion are main sequence objects, and we used 
the relationship betwe en (V — K) and ma gnitude difference from a prin iary star of effective 
tempe rature Teff(Be) (IFremat et al.ll2005l ) for main sequence stars from lLejeune fc Schaerer 
J200lh to find {V - K) for both stars. 



We deter mined the infrared fl ux excess term (1 + F^/Fi) from our observed estimate of 
E'^iy* — K) (ITouhami et al.ll201ll ). which are related by 

[1 + F,/Fi + F2/Fi]^ 



E''{V'' -K) = 2.5 log 



2.5 log 



10 



[1 + + F2/F1 



w 



(8) 



where the superscripts indicate the filter band. If we assume that the disk contributes no flux 
in the l^-band, then we can rearrange this equation to find the i^-band flux excess relative 
to that of the Be star alone. Then we can combine the results from the two equations above 
to predict the observed the i^-band magnitude difference 

AiTobs = Ai^bin + -K)+ 2.5 logio (l + lO""-^^^''^" - lQ-^■^(^K^^r.+E*(V*-K))^^ ^ (9) 



Our estimates for Ai^Tobs are listed in Tables 4 and 5. Note that there are several 
instances where we give a range for the magnitude difference; these are Be stars that are 
single- lined spectroscopic binaries with a companion of an unknown type. We consider two 
hypothetical cases. First, we assume that the comp anion is a main sequence star of one 
solar mass, and we use the iLejeune &: Schaererl (120011 ) main sequence relation to obtain the 
magnitude and color differences of the companion. The sec ond case is to as sume that the 
companion is a hot subdwarf (similar to the case of Per; see iGies et al.lll998l ) with a typical 
effective temperature of 30 kK and a stellar radius of IRq. We then estimate Ai^obs by 
adopting the main sequence radius for the Be star according to its effective temperature and 
by using the Planck function for both stars in order to estimate the monochromatic i^-band 
flux ratio. Table H] lists those cases with a hyphen in the /\K column giving the magnitude 
difference range between that for a hot subdwarf (smaller) and for a solar-type companion 
(larger). However, we made no visibility corrections in most of these cases because the 
nature of the companion is so uncertain (with the exception of cf) Per where the companion's 
spectrum was detected and characterized by Gies et al. 1998). 
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3.6. Seeing and Effective Flux Ratio 



The CHARA Classic observations were recorded on a single pixel of the Near Infrared 
Observer camera (NIRO), and the physical size of the pixel corresponds to a square of dimen- 
sions 0.8 X 0.8 arcsec on the sky. The flux of companions with separations small compared 
to 0.8 arcsec will be more or less completely included in the observations, but the flux of 
companions with larger separations from the central Be star may be only partially recorded 
according to the separation and seeing conditions at the time of observation. Therefore, 
we need to calculate the effective flux ratio of companion to target based upon the relative 
amounts of flux as recorded by this one pixel. 

Seeing is usually computed in real time according to the CHARA tip-tilt measurements 
of the V^- band flux of t he targets. By assuming that the i^-band seeing varies with wavelength 
by A-i/^ (|Young|[l97J), the K-hand seeing disk is about ~0.76 times that in V. The effective 
flux ratio is given by 

/2//1 = h/h (10) 

where /i and I2 are the net intensity contributions of the primary and secondary component, 
respectively, recorded by the pixel. We assume a Gaussian profile for the point spread 
function as projected on the detector. 



I{x,xo,y,yo) 



2'Ka'' 



exp 



l{x-XQf + {y-yof 
2 (72 



:iii 



where (xq, 2/0) are the coordinates of the central position of the star on the detector chip, and 
a is related to the seeing (a = 2.355^^ 6 seeing)- The intensity distributions of the primary 
and the secondary components integrated over one pixel on the detector are given by 




h = Q / /(x,0,i/,0) dx dy (12) 



h = j j l{x,0,y,p) dx dy (13) 

where p is the separation of the binary, and Q is the actual ratio of primary to secondary 
flux, which is derived from the magnitude difference of the two components in the i^'-band. 



(14) 
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3.7. Visibility Corrections and Their Uncertainties 

We used the visibihty correction scheme described in §3.3 and 3.4 with the predicted 
projected angular separation (from the orbital elements in Table 5 and the observed [u, v) 
spatial frequencies in Table 3) and the effective flux ratio (§3.5 and 3.6) to derive estimates of 
the Be star visibility alone. The corrected visibilities and their corresponding uncertainties 
are listed in the last two columns of Table [3] for the nine cases with significant companions. 
These uncertainties do not include the contributions to the error budget from uncertainties 
in projected separation and flux ratio. In most cases the projected separations are much 
larger than the coherence length (typically 9 to 27 mas for 300 m to 100 m baselines), 
which corresponds to the separated fringe packet case (see lower panel of Fig. 2). Thus, the 
correction depends mainly on the flux dilution term, l/(l + /2//i), and typical uncertainties 
of 0.2 mag for Ai^obs only amount to correction uncertainties of ~ 0.02 in visibility, i.e., 
generally smaller than the measurement errors. On the other hand, binaries with projected 
separations less than the coherence length (mainly observations of o Gas and Per; see 
Table 5) have corrections that reflect the fringe amplitude oscillation caused by beating 
between the fringe patterns of the components (Fig. 3). These corrections may amount 
to (/2//i)/(l + /2//1) in visibility, ~ 0.10 for the relatively faint companions considered 
here. Figure 3 shows that the full range of the correction varies over a projected separation 
difference of Ax2 = A/2, which corresponds to a projected angular separation difference of 
approximately 0.7 to 2.2 mas for 300 m and 100 m baselines, respectively. The predictive 
accuracy of the orbital separation probably has comparable uncertainties for the cases of 
o Gas and (p Per, so it is possible that the uncertainties in the corrections may be similar to 
the corrections themselves in these close separation instances. Nevertheless, we found that 
implementing the corrections even in these close cases tended to reduce the scatter in the fit 
of the Be disk visibilities (§5.1), so we will adopt the corrected visibilities in the subsequent 
analysis of all nine targets with significant companions. 



4. Spectral Energy Distributions 

The spectral energy distributions (SEDs) of our sample stars can help us to estimate 
the photospheric angular diameter of the Be star and the IR flux excess (from a comparison 
of the observed and extrapolated stellar IR fluxes) . The observed IR flux excess can thus be 
directly compared with the disk flux fraction derived from fits of the visibility measurements. 
One difficulty with this approach is that the IR flux excess is usually derived assuming that 
the disk contributes no flux in the optical range, so the stellar SED can be normalized to 
the optical flux. However, this may lead to an underestimate of the IR excess if the disk 
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flux emission is significant in the optical, which may be the case for stars with dense and 
large circumstellar disks. The disk flux fraction declines at lower wavelength because of the 
drop in free-free opacity, and the disk contribution is negligible in the ultraviolet (UV) part 
of the spectrum. Therefore, we decided to make fits of the UV flux to set the photospheric 
flux normalization, which will provide a more reliable estimate of the IR flux excess. 

We collected UV spectra for all our targets from the archive of the International Ultra- 
violet Explorer (lUE) Satellite, maintained at the NASA Mikulski Archive for Space Tele- 
scopes at STScfl In most cases, we used the available low dispersion, SWP (1150 - 1900 
A) and LWP/LWR (1800 - 3300 A) spectra, and in cases where there were fewer than 
two each of these, we used high-dispersion spectra for these two spectral ranges. In the 
case of HD 217891, all but one of the spectra were made with the small aperture, so we 
formed an average spec trum and rescaled the flux to that measured by the TD-1 satellite 
( iThompson et al.l 119781 ). In the case of HD 203467, there were no long- wavelength spectra 
available in the lUE archive, so we used a combination of lUE S WP spectra (1150 - 1900 
A), SKYLAB objective -prism spectrop hotometry (1900 - 23 00 A; iHenize et al.l 119791 ). and 
OAO-2 spectral scans (2300 - 3200 A; Meade fc Codelll980h . Fluxes from each spectrum 
were averaged into 10 A bins from 1155 to 3195 A, and then the fluxes from all the available 
spectra for a given target were averaged at each point in this wavelength grid. 

We created model spectra to compare with the lUE observations by interpolating in 
the grid of model LTE spectra obtained from R. Kurucz. These models were calculated for 
solar abundances and a microturbulent velocity of 2 km s~^. The interpolation was made in 
effective temperature and gravity using esti mates for these parameters (see Table 1) from the 
Be star compilation of iFremat et al.l (120051 ). For those sample stars in binaries, we formed a 
composite model spectrum by adding a model spectrum for each companion that was scaled 
according to the i^-band magnitude difference listed in Table O 

We then made a non-linear, least-squares fit of the o bserved UV spectru m with a model 
spectrum transformed according to the extinction curve of lFitzpatrick jl999h and normalized 
by the stellar, limb-darkened angular diameter Old, and we assumed a standard ratio of total 
to selective extinction of R = 3.1 for the interstellar extinction curve. Finally, we considered 
an extension of the fitted photospheric SED into the i^-band, and we determined an IR flux 
excess from 

Ftot Fobs ~ Ftot X 



E*{UV -K) = 2.51og(l + 



(15) 



-^1 Ftot 

where the monochromatic i^'-band fluxes are Fi for the Be star component, Ftot for the sum 



^http://archive. stsci.edu/iue/ 
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of the photospheri c fluxes of the Be and all companio ns (if any), and Fobs is the observed 
flux from 2MASS J Cohen et aliboosl : ICutri et al-feoosh . 



Our results are listed in Table E] that gives the HD number of the star, the derived 
reddening E{B — V) and its uncertainty, the limb darkened stellar angular diameter Og and 
its uncertainty, and the infrared excess from the disk E*{UV — K) and its uncertainty. The 
final columns list the photospheric fraction of flux Cp and its uncertainty that are related to 
the IR flux excess by 

E'-iUV -K) = -2.5 log Cp. (16) 

Our derived interstellar reddening values are generally smaller than those derived from the 
optical colors because the disk flux contribution increa ses with increasing wave length through 
the optical band which mimics interstellar reddening (IDougherty et al.lll994j ). Furthermore, 
our derived angular diameters may be smaller in some cases from previous estimates because 
of the neglect of the flux of the companions in earlier work. Note that we have neglected the 
effects of rotation (obla teness and gravity darkening) on the SED, and these may influence 
the flux normalization (IFremat et al.ll2005l ). 



5. Gaussian Elliptical Fits 
5.1. Method 



Here we show how we can use the interferometric visibility measurements to estimate the 
stellar and disk flux contributions and to determine the spatial properties of the disk emission 
component. We used a two-component geometrical disk model to fit the CHARA Classic 
observations and to measure the characteristic sizes of the circumstellar disks. The model 
consists of a small uniform disk representing t he central Be star and an elliptical Gaussia n 
component representing the circumstellar disk (jOuirrenbach et al.lll997l : iTycner et al.ll2004j ). 
Because the Fourier transform function is additive, the total visibility of the system is the 
sum of the visibility function of the central star and the disk. 



Vtot = CpVs + {l-Cp)Vd 



(17) 



where Vtot, and Vd are the total, stellar, and disk visibilities, respectively, and Cp is the 
ratio of the photospheric flux contribution to the total flux of the system. The visibility for 
a uniform disk star of angular diameter 6^ is 



(18) 



where Ji is the first-order Bessel function of the first kind and x is the spatial frequency 
of the interferometric observation, x = + v^. The central Be star is usually mostly 
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unresolved even at the longest baseline of the interferometer, which brings its visibility close 
to unity, Vg — 1. The disk visibility is given by a Gaussian elliptical distribution 



exp 



(7r6'majg) 

41n2 



(19) 



where ^maj is the full-width at half-maximum (FHWM) of the spatial Gaussian distribution 
along the major axis and s is given by 



s = a/ r'^{u cos PA — V sin PA)"^ + {u sin PA + v cos PAy 



(20) 



where r is the axial ratio and PA is the position angle of the disk major axis. Thus, the 
Gaussian elliptical model has four free parameters: the photospheric contribution Cp, the 
axial ratio r, the position angle PA, and the disk angular size ^maj- 



5.2. The Effective Baseline 

The brightness distribution of the disk projected onto the sky is a function of the 
inclination and position angle of the major axis. Interferometric observations with a given 
baseline Bp will sample the disk elliptical distribution according to the angle between the 
projection of the baseline on the sky and the position angle of the disk major axis. It is 
helpful to consider rescaling the baseline to account for the changes in the disk size with 
direction. For a flat disk inclined by an angle i and oriented with the major axis at a 
posit ion angle PA (measured from north to east), we can rescale using the effective baseline 



5efT fITannirkulam et al.ll2008f ) 



5eff = 5p^cos2(0obs - PA) + cos2 1 sin^(0obs " PA) (21) 

where 0obs is the baseline position angle at the time of the observations. This new quantity, 
the effective baseline, takes into consideration the decrease in the interferometric resolution 
due to the inclination of the disk in the sky, and thus for the purposes of analysis, it trans- 
forms the projected brightness distribution of the disk into a nearly circularly symmetric 
brightness distribution. Thus, the disk part of the visibility can be considered as a function 
of i?eff alone, and below we will use this parameter to present the interferometric results. 
However, if there is also a stellar flux contribution, than its projection and visibility will 
be a function of the projected baseline Bp only (if the star appears spherical in the sky). 
Consequently, models with both stellar and disk contributions should be presented for both 
the major and minor axis directions in order to show the range in visibility with baseline 
direction in a single plot. Along the minor axis, for example, 0obs ~ PA = 90°, so that the 
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relation becomes Bcs = -Bp cos z, and consequently for edge-on systems with i ~ 90° a given 
i?cff may correspond to a Bp far larger than available with the Array. Such observations (if 
possible) would start to resolve the stellar disk and lead to low net visibility (see the dotted 
line in Fig. 8.3). 



5.3. Model Degeneracy 

The simple geometrical representation of the Be star system may in some cases present 
a solution family or degeneracy that exists between two fundamental parameters of the 
Gaussian elliptical model: the Gaussian full width at half maximum ^maj and the stellar 
photospheric contribution Cp. In order to explain the ambiguity in the model, we consider 
the case of a locus of (cp, 6'maj) that produces the same visibility measurement at a partic- 
ular baseline. We illustrate this relation in Figure |6l which shows an example of a series 
of (cp, 6'inaj) Gaussian elliptical visibility curves that all produce a visibility point V = 0.8 
at a projected baseline of 200 m (for A = 2.1329 /im and a Be star angular diameter ^ud 
= 0.3 mas). The plot shows models for (cp, 6'maj) = (0.156, 0.6 mas) (solid line), (cp, 6'maj) 
= (0.719, 1.2 mas) (dotted line), and (cp, 6'maj) = (0.816, 2.4 mas) (dashed line). Figure [7] 
shows the relationship between the Gaussian elliptical full width at half maximum and the 
stellar photospheric contribution for the family of curves that go through the observed point 
V = 0.8 at a 200 m baseline. Larger circumstellar disks are associated with larger stellar 
flux contributions, and vice- versa, which demonstrates that a single interferometric measure- 
ment does not discriminate between a bright small disk and a large faint one. Additional 
measurements at different baselines are necessary to resolve this ambiguity. 

Note that if the interferometric observations are all located on one projected baseline in 
the (m, v) plane, then the disk properties are defined in only one dimension. Thus, in such 
circumstances it is not possible to estimate the axial ratio r or the position angle of the disk 
major axis PA. Only a lower limit for ^maj can be set in such cases. 



5.4. Fitting Results 



The circumstellar disk is modeled with a Gaussian elliptical flux distribution centered 
on the Be star. This disk model has four independent parameters (r, PA, Cp, 6'maj), and 
one assumed parameter, the stellar diameter Og (Table 6). The fitting procedure consists of 
solving f or the model para meters using the IDL non-linear least squares curve fitting routine 
MPFIT (jMarkwardtll2009[ ) . which provides a robust way to perform multi-parameter surface 
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fitting. Model parameters can be fixed or free depending on tlie [u, v) distribution of tlie 
observations. 

For tlie cases with limited coverage in the {u, v) plane, setting some model parameters 
to fixed values was necessary in order to fit successfully the data. We adopted additional 
constraints on some model paramet ers that are well defined from studies s uch as inchnation 



estir nates f r om iFremat et al.l ( 120051 ) and intrinsic polarization angles from iMcDavidI (119991 ) 
and lYudinl ( 1200 ll ). Also, we occasionally used values of the IR flux excess derived from the 
SEDs of Be stars to estimate the stellar photospheric contribution Cp when needed. 

Our fitting results are summarized in Table [TJ where the cases with a fixed parameter 
are identified by a zero value assigned to its corresponding uncertainty. Column 1 of Table [71 
lists the HD number of the star, columns 2 and 3 list the axial ratio r and its uncertainty, 
columns 4 and 5 list the disk position angle along the major axis PA and its uncertainty, 
columns 6 and 7 list the photospheric contribution Cp and its uncertainty, columns 8 and 9 
list the angular FWHM of the disk major axis ^maj and its uncertainty, column 10 lists the 
reduced of the fit, columns 11 and 12 list the corrected photospheric contribution Cp(corr) 
and its uncertainty (see § 5.5), respectively, columns 13 and 14 list the disk-to-star radius 
ratio Rd/Rs and its uncertainty, and finally, column 15 indicates the cases of fully resolved 
disks (Y), marginally resolved disks (M), and unresolved disks (N) in our Be star sample. 

Plots of the best-fit solutions showing the visibility curves of the system disk-plus-star as 
a function of the effective baseline in meters along with our interferometric data are presented 
in Figure Set 8. The solid lines in Figure Set 8 represent the best-fit visibility model of the 
disk along the major axis, the dotted lines represent the best-fit visibility model of the disk 
along the minor axis, and the star signs represent the interferometric data. 

We find that the circumstellar disks of the four Be stars, HD 23630, HD 138749, HD 
198183, and HD 217675 were unresolved at the time of our CHARA Array observations, 
while the circumstellar disks of HD 23862, HD 142926, HD 164284, HD 166014, HD 200120, 
and HD 212076 were only marginally resolved. Those are the cases where we had to fix r, 
PA, and/or Cp in order to make Gaussian elliptical model fits to the data. On the other 
hand, we successfully resolved the circumstellar disks around the other 14 Be stars and were 
able to perform four-parameter Gaussian elliptical fits for most of them as listed in Table [71 



5.5. Corrections to the Gaussian Model 



Modeling a circumstellar disk with an elliptical Gaussian intensity distribution is con- 
venient but not completely realistic. The flux distribution in the model assumes that light 
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components from the circumstellar disk and the central star are summed and that no mutual 
obscuration occurs. It is important to note that in the case of small disks most of the model 
disk flux is spatially coincident with the photosphere of the star, so the assignment of the 
flux components becomes biased. 

To illustrate this effect, we show in Figure |9] the model components for a case with 
a faint disk. The dotted line in Figure [9] shows the assumed form of the intensity of the 
uniform disk of the star (angular diameter of 0.68 mas), the dashed line shows the Gaussian 
distribution of the circumstellar disk along the projected major axis (FWHM = 0.55 mas), 
and the solid line shows the sum of the two intensity components. In the case where the 
FWHM of the circumstellar emission is similar to or smaller than the stellar diameter, most 
of the disk flux occurs over the stellar photosphere where the sum produces a distribution 
similar to that of a limb-darkened star. 

The interpretation of the results obtained from the Gaussian elliptical fits must be 
regarded with caution in situations where the derived disk radius is smaller than the star's 
radius and a significant fraction of the disk flux is spatially coincident with that of the star. 
Consequently, we decided to correct the Gaussian elliptical fitting results in two ways. First, 
the disk radius was set based upon the relative intensity decline from the stellar radius, and 
we adopted the disk radius to be that distance where the Gaussian light distribution along 
the major axis has declined to half its value at the stellar equator. The resulting ratio of 
disk radius to star radius is then given by 

|^ = (l + (W^.n'/' (22) 

where ^maj is the Gaussian full-width at half maximum along the major axis derived from 
the fits, and 6s is the angular diameter of the central star. Secondly, the model intensity 
over the photosphere of the star from both the stellar and disk components was assigned to 
the flux from the star in an optically thin approximation. The fraction of the disk flux that 
falls on top of the star is /(I — Cp), wh ere / is found by in tegrating over the stellar disk the 



Gaussian spatial distribution given by ( iTycner et al.l 120041 ) 



41n2 

(^'^) = ;^;:^exp 



maj 



eaj/41n2 



(23) 



where r is the axial ratio and (x, y) are the sky coordinates in the direction of the minor and 
major axes. Consequently, this fraction of the model disk flux should be reassigned to the 
star and removed from the disk contribution. Then the revised ratio of total disk to stellar 
flux is 

Fd _ (1-Cp)(l-/) _ l-Cp(corr) 



Cp + (1 - Cp)/ Cp (corr) 



(24) 
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which is lower than the simple estimate of (1 — Cp)/cp. We list in columns 11 to 14 of Table [7] 
the revised values of the stellar flux contribution Cp and the Be disk radius Rd/Rs (along 
with the corresponding uncertainties) obtained by applying this correction using the stellar 
angular diameters from Table 6. 



Discussion 



6.1. Comparison with Other Results 



It is important to validate our results against other published data wherever possible. 
However, since this is the first large scale study of the i^-band emission of northern Be stars, 
it is difficult to make direct comparisons. We list in Table 8 the available measurements of 
Gaussian e lliptical model p arameters of Be star disks for the stars in our sample (excluding 



the work of iGies et al.ll2007 that is inc l uded i n our analysis). There is only one other i^-band 



measurement available by iPott et al.l ( l2010l ) , but even in this case a direct comparison of 
6'inaj is difficult because of the different assumptions made about the remaining parameters. 
Measurements of the disk emission in other bands will likely yield different diameter estimates 
(§6.2). Nevertheless, we can compare our results on the geometry of the disks with previous 
work, and we can consider the parameter estimates resulting from other kinds of observations. 

We begin by comparing the stellar and disk flux contributions that we derived from 
the Gaussian elliptical fits (Table 7) with those estimated from the IR-excess in the spectral 
energy distributions (Table 6). Among the 14 stars in our sample with reliable detections of 
disk emission, we fit for the stellar fiux contribution in six cases. The corrected parameter 
Cp(corr) = Fs/ {Fg + Fd) is plotted together with the SED estimate of this ratio in Figure 10. 
The uncertainties are significant, but these two estimates of stellar fiux in the i^-band appear 
to be consistent (perhaps surprisingly so, because of the known temporal fiux variations and 
large time span between the 2MASS photometry and our interferometric observations). 

Next we co nsider the disk axial ratio r that is related approximately to the disk normal 
inclination i by (iGrundstrom &: Giesll2006l ) 



cosi + 0.022 -^Z — sinz 
R.t 



(25) 



where the second term accounts for the increase in the minor axis size caused by the increase 
in disk thickness with radius. We expect that the disk inclination will be th e same as the 



stellar spin inclination because the disk is probably fed by equatorial mass loss. iFremat et al. 



( 120051 ) estimated the stellar inclinations for most of our targets by comparing the projected 
rotational velocity V smi with the critical rotational velocity Krit? for which the equatorial 
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centripetal and gravitational accelerations balance, and by assuming that Be stars as a class 
share a common ratio of angular rotational to critical velocity. The axial ratios derived from 
their estimates of spin inclination are given in the final column of Table 1. There are seven 
targets with fitted estimates of r among our 1 4 reliable dete c tions, and we plot these values 
together with r{i) from the inclinations from iFremat et al.l (120051 ) in Figure 11 (indicated 
by square symbols). Figure 11 includes other r estimates from previous interferometry 
(Table 8). With two exceptions {v Cyg = HD 202904 above and 7 Cas = HD 5394 below), 
the estimates from interferometry and rotational line broadening are in broad agreement. 
Three of our targets have prior interferometric estimates of r, and our results agree within 
the uncertainties. Note that the increase in disk thickness with radius implies that r will 
appear larger in bands where the disk emission extends to larger radius (Ha), and in two 
cases Per = HD 22192 and C Tau = HD 37202) r(Ha) is larger than r(i^'-band), while 
they are the same in the third case (7 Cas = HD 5394). 

The disk normal is expected to have the same positio n angle in the sky as th at for 
the intrinsic polarization (from scattering in the inner disk; iQuirrenbach et al.l 119971 ). We 
show in Figure 12 a compariso n of the position angles der ived from interferometry with 
those from polarimetric studies ( McDavidI Il999l : lYudinl I2OOII ) . These generally agree within 
the uncertainties, but there are some exceptions {v Cyg = HD 202904 and several cases 
with large axial ratio r where it is difficult to determine position angle). Our results are 
fully consistent for four targets with previous interferometric estimates of PA. All these 
comparisons lend support to our strategy of fixing the Cp, r, and PA parameters in those 
cases where there were ambiguities with the full four-parameter, Gaussian elliptical fit. 



6.2. Disk Diameters 

We clearly detected the visibility decline due to the disk in 14 stars in our sample. The 
ratio of disk to stellar radius (Table 7, column 13) varies from 1.5 to 10 with a mean value of 
4.4 among this subsample, but our detections are probably biased towards those cases with 
larger and brighter disks. We compare these i^-band diameters with those measured for 
Ha (Table 8) in F igure 13, and this demonstrates that in most cases the Ha disk diameters 



are much larger. iGies et al.l (120071 ) attributed this difference to the larger opacity of Ha 
compared to the free-free and bound-free opacities that dominate the disk emission in the 
near-infrared. There are three targets that fall below the trend: v Cyg = HD 202904 (but 
with an uncertainty that may be consistent with the trend), Per = HD 10516, and k Dra = 
HD 109387. It is curious that the latter two are both short-period binaries, and it may be that 
the usually larger Ha emitting regions are truncated by tidal forces, so that their K-hand and 
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Ha disk sizes are comparable. After setting aside these three discrepant cases, the unweighted 
slope of the relation starting from an origin at {Rd{K—ha.nd)/Rs,Rd(iic()/Rs) = (1,1) is 
ARd{B.a)/ ARd{K—ha.nd) = 4.0 ± 0.5 (s.d. of the mean), and this slope is indicated by a 
dotted line in Figure 13. Such a correlation is helpful in predicting the size of the circumstellar 
disk in the K-hand from Ha observations, and vice-versa, especially since Be star disks are 
generally highly variable and simultaneous, multiwavelength observations are usually difficult 
to obtain. 

Next, we consider the connection between disk size and brightness. If the disk gas near 
the central Be star has a temperature that is some fraction of the stellar temperature, then 
we might expect to find a correlation between the surface intensity / of the inner disk and 
star in the limit of high disk optical depth, 

I,^,{x = 0,y = 9j2) = bls (26) 

for some constant b. We can explore this relationship by consi dering the Gaussiari elliptical 
model prediction for the disk brightness at the stellar equator (jXycner et al. 2004), 



/env(x = 0,y = es/2) = (1 - Cp)^^2-(^^/^--)'. (27) 
The mean stellar intensity in the model is 

Cp(corr) 

Then we can equate these with proportionality constant b to obtain 

br{d^je,r 2('-M-\ (29) 



Cpl^corrj 



This relation predicts that the disk to star fiux ratio (left hand side) is approximately pro- 
portional to the ratio of disk to star projected area (right hand side). 

The Gaussian elliptical parameters from Table 7 and the stellar angular diameters from 
Table 6 were used to calculate the terms on both sides of the equation, and they are plotted 
together in Figure (where we assumed a minimum uncertainty of 5% for those cases where 
the formal uncertainties may be underestimated). We see that the Be stars with the largest 
disk to stellar fiux ratio are often those with a large ratio of circumstellar to stellar angular 
diameter. However, a counter example is the case of k Dra = HD 109387 that is plotted 
with a large but faint disk (lower right location in Fig. [T^ . The fit of the Gaussian elliptical 
model parameter s in this case is constrained by a set of 100 m baseline measurements from 



Gies et al.l (120071 ) (see Fig. 8.10), and if a fit was made from the new measurements alone. 
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then the disk size would be much smaller (as also suggested by the smaller Ha disk size 
shown in Fig. 13). Given these uncertainties, our measurement for k Dra may be set aside 
from consideration here. An unweighted, nonparametric, correlation test for the remaining 
13 Be stars yields a Kendall's statistic of r = 0.205, which has null rejection probability of 
37%, i.e., a value which is not small enough to reject with confidence the null hypothesis of 
no correlation. We suspect that the poor correlation results from a break down among the 
faint disk stars of our simplifying assumption that the disks are optically thick, which may 
only be applicable to the brightest disk cases. We show for completeness in Figure [T^ a linear 
fit of the sample of 13 stars that has a constant of proportionality of 6 = 0.18 ± 0.04 (s.d. of 
the mean). We caution again that such a relation may only hold for dense, optically thick 
disks and that our results may be biased against detection of fainter disks in general. We are 
planning to investigate further the question of disk surface intensity in another paper that 
will apply physical models and radiative transfer calculations to fit the observed visibilities. 



6.3. Detection Limits 

We found that the criterion for a confident detection of the circumstellar disk is usually 
a decline in visibility below V = 0.8 at the longest baselines available. We can use this 
criterion to estimate the limitations on disk sizes that we can detect for Be stars at different 
distances. The visibility measured along baselines aligned with the projected major axis of 
the disk is a function of the photospheric fiux fraction Cp, the ratio of disk to stellar radius 
Rd/Rs, and the stellar angular diameter Og (eq. 17, 18, 19). Thus, given Rd/Rs and Og we can 
find ^maj, and the remaining parameter to estimate is Cp. In practice this could be estimated 
from a simultaneous analysis of the SED of the Be star. However, for our purpose here, we 
adopted the relationship between the disk to star fiux ratio and projected surface areas (eq. 
29 and Fig. 14) to estimate Cp from r and Rd/Rs- This relationship is poorly defined for 
fainter disks ((1 — Cp)/cp < 1), where the disks become optically thin and the ratio of areas 
argument no longer applies. 

The stellar angular diameter is found from the assumed stellar radius and distance, 
and we made estimates for two cases, BO V and B8 V types for the Be star, and for three 
distances corresponding to visual magnitudes 3, 5, and 7. W e used stellar radii and absolute 



magnitudes for these classifications from the compilation of I Gray! (120051 ). and we neglected 
any extinction in the calculation of distance from the magnitude difference. Figure 15 shows 
the resulting predicted visibilities for a i^-band measurement with a projected baseline of 
300 m as a function of Rd/Rs for these different cases. Each plot shows how the visibility 
at this baseline declines as the disk size increases, and we can use these to estimate the 
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smallest disk detectable. For example, we see in Figure 15a for a BO V star of apparent 
magnitude 5 that the curve dips below V = 0.8 at R^/Rg = 3.4 from which we would infer 
that only disks larger than this would be detected with the CHARA Array. As expected, 
we can detect smaller disks in nearer (brighter) Be stars. Figure 15b shows the case for a 
later B8 V type that is somewhat more favorable for detection of smaller disks. Note that 
at small disk radii we simply assume that all the flux is stellar, so the limiting visibility near 
Rd/Rs = 1 corresponds to the stellar visibility. 



6.4. Rotational and Critical Velocities 



Be stars are generally fast rotators, but it is difficult to determine the actual equatorial 
rotational velocity VJ-ot from the observed projected rotational velocity V "sini (measured 
from the rotational Doppler broadening of the lines; iTownsend et al.ll2004j ) because of the 
unknown stellar inclination i. If we assume that the stellar spin and disk rotational axes 
are coaligned, then we can use the disk axial ratio to set the stellar inclination (eq. 25). 
We collected the seven r values derived from our fits (Table 7) together with estimates from 
previous work (Table 8) to find mean sin i factors for 12 Be stars in our program. We adopted 
the projec ted photospheric rot ational velocities Vsini and the critical rotational velocities 
V^rit from iFremat et al.l ( 120051 ). who derived these values after making corrections for the 
effects of gravity darkening. Then we divided V sin i by sin i to find the equatorial rotational 
velocity Kpt- Our results app ear in Table 9 that lists the HD number of the star, Vsini 
and Krit (IFremat et al.l 120051 ) . VJ-ot, and two ratios, Kot/Krit and firot/^crit- The ratio of 
angular rotational ve locities is given for the Roche approximation using expressions from 
Ekstrom et aP toO^ . 



rot 



3 Vr 



rot 



a 



crit 



2Vr 



crit 



3 



Vr 



rot 



V 



crit 



(30) 



We find that most of the stars in this subsample are rotating very quickly, and two targets 
may have attained the critical rate (7 Cas = HD 5394 and 48 Lib = HD 142983). However, 
there are two targets with much more moderate rotational velocities, /3 Psc = HD 217891 
and V Cyg = HD 202904. The former has a rather large axial ratio r = 0.70 ± 0.15, and it 
is possible that the uncertainties would allow a small inclination and h ence large rot a tiona l 
velocity. However, the case of v Cyg is more difficult to understand. iNeiner et al.l (120051 ) 
argue on the basis of the narrow lines in the spectrum that the axial ratio should be close to 
r ^ 0.9 if it is actually a rapid rotator. This is much larger than the value we derive from the 
Gaussian elliptical fits, r = 0.26 ± 0.13. Additional interferometric observations are needed 
to confirm or remove this discrepancy. 



- 26 - 



We find a mean angular velocity ratio of firot/^crit = 0.88 ± 0.17 (s.d.) for the sample 
of 12 Be stars or 0.95 ± 0.04 (s.d.) if we remove /3 Psc and v Cyg fror a the sample. Thes e 
results su pport earlier Be star angular velocity ratio estim ates of 0.88 (iFremat et al.l 120051) 



0.7 - 1.0 f lCranmed l2005[ ). 0.8 - 1.0 f lHuang et al.l 120101 ) . and 0.95 ± 0.02 flMeilland et al. 



2OI2I ). The consistency of these results suggests that rapid rotation in Be stars plays a key 



role in the Be phenomenon. 



7. Conclusions 

Our CHARA Array interferometric survey of northern sky Be stars has led to the res- 
olution of extended i^-band continuum emission from the disks of 14 stars among of our 
sample of 24 stars. We interpreted the visibility measurements with a simple geometrical 
model that assumes a Gaussian elliptical brightness distribution for the circumstellar disks. 
The model fits yield estimates of the disk angular diameter, axial ratio, position angle, and 
the photospheric and disk flux contributions in the i^-band. We demonstrated that the 
results are consistent with earlier interferometric studies of the disk Ha emission and with 
other estimates for the disk parameters from spectroscopic and polarimetric studies. 

We determined estimates for the stellar angular diameters and infrared flux excesses 
from fits of the ultraviolet and near-infrared spectral energy distributions. We find that the 
mean ratio of the K-hand disk to stellar diameter is 4.4 with a range from 1.5 to 10 for 
the detected cases. The ratio is similar among both early- and late-type Be stars, which 
suggests that Be star disks tend to scale in size and fiux with the properties of the central 
star (although we caution that fainter, smaller disks may have escaped detection). The 
diameters of the i^-band emitting region are much smaller than those for the Ha emission in 
most cases, and the difference is probably due to the higher opacity of Ha that extends the 
emission to the lower density gas found at larger radii. The apparent axial ratio of the disk 
emission is related to the disk inclination, and we can reliably assign the derived inclination 
to the stellar spin axis also. We used the interferometrically observed axial ratios for a sub- 
sample of 12 Be stars to convert the projected rotational velocity from spectroscopy to the 
equatorial rotational velocity, and we found that these stars generally rotate close to their 
critical velocities. 

We were surprised to find that so many of our targets (14 of 24) are members of binary 
and multiple star systems, and we developed methods to account for the infiuence of the 
fiux of the companions on the interferometric visibilities. Some Be stars may have been 



spun up through mass transfer in a close binary system ( iPols et al.l Il99ll ) , and we have 



identified the spectral features of the hot, stripped-down, mass donor star in several cases 
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(Gies et al. 


1998; 


Maintz et al. 


2005; 


Peters et al. 


2008 


)• 



that a large fraction of close, spectroscopic binaries among solar-type stars have distant third 
companions, and it is possible that the tertiary received the excess angular momentum from 
the natal cloud that needed to be removed from the central region in order to form a close 
binary during star formation. Thus, the presence of a wide companion around a Be star may 
indicate that the central object was originally a close binary that subsequently experienced 
interaction, mass transfer, and spin-up of the gainer. The derivation of orbits for these wide 
companions will be especially useful to measure masses of Be stars and to see, for example, 
if they are overluminous fo r their mass beca use of large scale internal mixing caused by mass 



transfer and fast rotation (iGies et al.lll998[ ). 



Our survey provides a first epoch of diameter measurements that will serve in future 
studies of the growth a nd dissipation of disks that are frequently observed in Be stars 
(jPorter fc Riviniud l2003l ). The Gaussian elliptical models provide a useful but first-order 
description of the disks, and it will be important to explore the devel opment of disk asyrn - 
metries related to disk instabilities (such as one-armed spiral features; ICarciofi et al.ll2009l ). 
Such studies will require closure phase measurements in addition to interfero metric visibility, 



and i nstruments a t the CHARA Array like the Michigan Infrared Combiner ( iMonnier et al. 



20101) and VEGA (IMourard et al.ll201ll ) that use multiple telescopes and basehnes will even- 
tually allow us to reconstruct images of Be star disks. Such images will be vitally important 
to test physical models of the disks and to determine the nature of the companion stars. 
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Facilities: CHARA Array 



A. Notes on Individual Stars 



HD 4180. iKoubsky et al.l ( 120101 ) present a single-lined spectroscopic orbit for HD 4180 plus 
interferometric observations from NPOI of the resolved system A,B. The components of this 
binary s ystem are too close f o r speckle resolution, and the object appeared single in observa- 
tions by iMason et al.l ( Il997l ). iGrundstromI (120071 ) observed spectral features corresponding 
to two similar late-B or early-A stars that showed Doppler shifts on a timescale of approxi- 
mately 4 days, and th ese probably form in the close (Ba, Bb) system that was suspected by 
Koubsky et al.l ( l2010l ). We have estimated the -ftT-band magnitude d ifference using the mag- 
nitude difference from NPOI AR = 2.9 mag (IKoubsky et al.ll2010f ) , the est i mated spectral 



types from IKoubsky et al.l (120101 ). the nea r-IR color calibration from I Wegnerl (119941 ). and the 
flux excess E*{V* — K) = 0.13 mag from lTouhami et al.l (120111 ). 



HD 5394. 
ion (1 



7 Cas is a sing l e-lined spectroscopic binary with a faint (undetected) compan- 



Harmanec et al. 2000; Miroshnichenko et al. 2002; Nemravova et al. 2012; Smith et al. 



20121 ). Although this binary could be resolved in our CHARA visibility observations, the 



expected lar ge magnitude differe nce makes detection very difficult. The distant and faint B 



compa nion (iRoberts et al.l 120071) will have no influence on our measurements. ISmith et al. 



J2012h and Istee et al.l J2012h discuss CHARA Array i7-band and i?-band measurements of 
the disk size and orientation. 

HD 10516. (j) Pe r is a double-lined spectroscopic system with a hot subdwarf companion 



I Gies et al.lll998r) . We used the FUV flux ratio, temperatures, and gravities from lGies et al. 
1998h and deriv e d mag nitude differences by scaling model spectral energy distributions from 



Lanz fc Hubenvl (120031 ) 



HD 22192. No companion is evide nt in speckle data (IMason et al.l 119971 ) nor in CHARA 
VEGA interferometric observations (jPelaa et al.ll201ll ). 



HD 23630. Alcyone is a bright Pleiades member with seven visual components listed in the 
WDS, but all the se components hav e separations greater t han 79 arcsec. The star appears 
single in speckle (IMason et al.l 119971 ) and AO observations (IRoberts et al.ll2007l ). 



HD 23862. Pleione is a single-l ined spectroscopic binar y with a low mass companion, possibly 
a hot subdwarf or a M-dwarf (iNemravova et al.ll2010l). The next compa nion is CHARA 125 
that has a separation of p ~ 0'.'23 ( Mason et al. 19931 : Roberts et al. 2007), but it is not always 
detected in speckle measurements, indicating a large magnitude difference of AV ~ 3.5 
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mag. iLuthardt fc Menchenkoval (Il994j ) present a radial velocity study that suggests that 
the orbital period is ~ 35 y, and the eccentricity is found to be large. We assumed that the 
orbital period is the same as that associated with the spectroscopic shell episodes P = 34.5 y 



this orbit ( 


Gies e 


t al. 


(Mason et al. 


1993 


) to 



( ISharov fc Lyutyilll988l : iTanaka et a.1. 1 120071) and that speckle companion CHARA 125 is the 



we caution that this is probably only one of a family of possible solutions. There are five 
other, fainter but wider (p > 4'.'6), visual companions in the WDS, which should not affect 
our measurements. 



HP 2 5940. No companion is evident in the CHARA VEGA observations of iDelaa et al. 
( 1201 ll ). No speckle observations of this star are published. 



HD 37202. iRuzdjak et al.l ( 120091 ) present an analysis of the single-lined spectroscopic orbit 
for ( Tau. No other componeri t s are found in speckl e (IMason et al.lll993l ) or interferometric 



observations ( IStefi et al.l l2009t ISchaefer et al. 



pecKi e 



asymm etries are described by IStefi et al.l (l2009l ) 

koid \. 



Interferometric observations of disk 



Carciofi et al.l (120091 ) , and ISchaefer et al. 



HD 58715. jJarad et al.l (119891 ) suggest that /3 CMi is a single-lined, spectroscopic binary 
with a period of 218 d, b ut this result has not yet b een confirmed by o ther investigators. 
Interferometric studies by iMeilland et al.l ( l2009l ) and iKraus et al.l ( l2012l ) show no evidence 
of a close companion. Furthermore, no co mpanion is found in speckle data (IMason et al. 
1993! ) and AO imaging ( jjanson et al.ll201ll ). Eight faint and distant companions are listed 
in the WDS. 



HD 109387. ISaad et al.l (|2005 ) show; that k Dra is a single- lined, spectroscopic binary with 



a faint companion. iGies et al.l (l2007( l fo und that the additi on of a hot companion improved 
the fit of t he K-hemd interfer ometry, but jJones et al.l (120081 ) point out that density exponent 
derived by iGies et al.l (120071 ) is significantly lower than that determined from Ha interfer- 
ometry. This discrepancy casts some doubt about the detection of the companion. There 
are no published speckle measurements of this star. 

HD 138749. 9 CrB has a companion whose separation has increased from 0'.'642 in 1976 
to 0'.'813 in 2010 according to the WDS, but the position angle varied by only 4° over the 
same interval, and this suggests a large orbi tal eccentricity and/o r an in clination 90°. The 
B, l^-band magnitudes were measured by iFabricius &: Makarovl (l2000l ). and these suggest 
that the system consists of a B6 Vnne primary and a A2 V secondary. Assigning masses for 
these classifications and assuming that the semimajor axis is close to the smallest observed 
(a = 0'.'5), we have calculated a preliminary period that is given in Table |5l There are 28 
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measurements (from 1976 to 2010) of separatior i and position angle i n the Fourth Catalog of 
Interferometric Measurements of Binary Stars ( Hartkopf et al.|[200ll ) that we used to derive 
the preliminary orbital elements that are given in Ta ble 5. There are no obvious radial 



velocity variations indicative of a spectroscopic binary ( iRivinius et al.ll2006[ ) 



HD 142926. IKoubsky et al.l ( 119971 ) present a single-lined spectroscopic orbit for 4 Her. They 
argue that the companion star must be a small and faint object since they see no evidence 
of its spectral feat ures. No other companions are observed with speckle interferometry 
(IMason et al.lll997l ) nor are any companions listed in the WDS. 



HD 142983. The spectrum of 48 Lib is dominated by shell features that vary on a timescale of 
a decade, and it is very difficult to stud y the photospheric spectrum of the sta r (B3: IV:e shell) 
to search for radial velocity variations ( Rivinius et al.ll2006l : IStefl et al.ll2012[ ). Unfortunately, 
there are no published speckle observations, and there are no companions indicated in the 
WDS. We a ssume it is a sin gle object. Recent if-band interferometric observations are 
discussed by IStefl et al.l (120121 ) . 



HD 148184. iHarmaned ( 119871 ) presents a preliminary single-lined orbit for x Oph with 
a period of 34.121 d. There are no available speckle observations, and no companion is 
indicated in the WDS. iTycner et al.l ( 12008! ) obtained Ha interferometric observations, and 
they make no mention of evidence of a companion. 



HD 164284. The visual companion o f 66 Oph was first discovered by lMason et al.l ( 120091 ) and 
confirmed by iTokovinin et al.l ( 120101 ) . We assumed that the current separation corresponds 
to the angular semimajor axis, and we estimated the orbital period b y assigning masses 



assuming main se quence stars, the temp erature from lFremat et al.l (120051 ). and the measured 
AV = 2.7 mag ( Tokovinin et al.ll2010l ). There are only fou r measurements in th e Fourth 



Catalog of Interferometric Measurements of Binary Stars ( iHartkopf et al.l 120011). but we 



used t hese to arrive at the preliminary orbital elements presented in Table 5. iFloquet et al. 



( 120021 ) discuss spectroscopy of the star and pulsational behavior, but no mention is made of 
a spectroscopic binary companion. 



HD 166014. iTokovininI ( 119851 ) reported a marginal detection of a close companion to o Her 
at a separat i on of 60 mas, but this was not confirmed in later speckle observations by 
Mason et al.l (120091 ). However, the interferometric measurements for this star showed lower 
visibilities at short baselines, which could not be fitted by the standard Gaussian elliptical 
model. Consequentl y, we assurned tha t this decreased visibility is due to the presence of the 
companion found by iTokovininI ( 1l985l ) . We applied the binary fiux dilution correction to fit 
the data by assuming a companion that is 2.5 ma g fainter than the B e star in the K-hand. 
There is no known spectroscopic companion, and iGrundstromI (120071 ) found no evidence of 
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radial velocity variability. 



HD 198183. The A Cyg system consists of at least four stars. Compon ent C is dis tant and 
faint, so we ignored its flux. T he AB system has a long period (~ 462 y; Baizel 1983[). and we 
used t he or bital element s from lBaizd ( 1l983l ) to estimate the position of A,B. iBalega fc Balega 
( 1l988l ) and iBaizd (119931 ) determined an astrometric orbit for the close pair MCA 63 Aa,Ab 
that apparently consists of similar magnitude stars. H owever, this close pair was not detected 
in recent speckle observations bvlMason et al.l (120091) . presumably because their separation 



was too small at that time. iGrundstronj (120071 ) notes the presence of some-short term 



line profile variability that might be explained as a composite spectrum consisting of the 
Be star (Aa) plus a single-lined spectroscopic binary, so it is possible that B or Ab has 
a companion. The magnitu de difference of A,B was determined in the Tycho system by 
Fabricius fc Makarov (l2000h. and we converted this to a Johnson AV = 1.46 ± 0.02 mag 
using the formulae from lMamajek et al.l ( 120021 ). The magnitude and color differences of A,B 
suggest th at component B is a la te B-type star, and we used AV^, the e ffective temperature 
of Aa from iHuang fc Gied ( 120081 ). and the main sequence relations from lLejeune fc Schaerer 
( I2OOII ) to estimate the K-hand magnitude difference. We encountered two pro blems r elated 
to the visibility correction for the inner companion Ab. First, the orbit from iBaizd (119931 ) 
predicted that the Aa and Ab fringe patterns would cross each other for the baseline orien- 
tations of observations from JD 2,455,365, and consequently, large visibility variations were 
predicted when none were observed. We suspect that the orbit needs revision, and for the 
purposes of the visibility correction, we altered the epoch of periastron from BY 1982.668 to 
BY 1981.526 so that the predicted, projected separations at the time of our observations were 
always larger than half the fringe scan length. The second problem concerned the flux con- 
tribution of Ab. W. Hartkopf (USNO) kindly retrieved his speckle data on the close Aa,Ab 
pair and derived an approximate magnitude difference of AV^ = 0.4 ± 0.3 mag. Because 
we have no color information for the close pair, we simply assumed that ii'-band magnitude 
difference was the same. We found that with Ab this bright, the dilution correction was 
too large and led to corrected visibilities larger than one. By increasing this estimate to 
AV = 0.4 + Icr = 0.7 mag, the mean of the corrected visibilities was approximately one. 
This indicates that the Be star disk was probably unresolved, unless the flux contributions 
of the companions are actually significantly lower than these estimates. 



HD 200120. 59 Cyg has a nearby B companion (iMason et al.l 120091 ) plus three other very 
distant and faint components. B. Mason (USNO) kindly provided us with a preliminary 
orbit for A,B (Table 5) that we used to estimate the position and separation at the times 
of our CHARA Arra y observations. The Be star is also a spectroscopic binary with a hot 
subdwarf companion (iMaintz et al.ll2005[ ). and consequently we assume that the smaller AK 
(brighter) estimate is more reliable in Table 4. 
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HD 202904. v Cyg has four faint and distant companions listed in t he WPS, but ther e 
is no close compaii ion detected in speckle interferometric observations ( iMason et al.l 119971 ) . 
Neiner et al.l (|2005[ ) discuss spectroscopic radial velocities that may be consistent with binary 
motion for a period of 11.4 y, but further measurements are required to verify their suggestion. 

HD 203467. There are no companions of 6 Cep listed in the WDS, and, unfortunately, there 
ar e no published speckle observations of this star. Spectroscopic observations are discussed 
by lKoubsky et al.l (120031 ) who show that the profiles vary with a 1.621 d cycle, a period that 
is probably related to pulsation or rotation. 

HD 2094 09. There are no companio ns of o Aqr listed in the WDS, and no companions were 
found by lOudnaaiier &: ParrI (120101 ) using adaptive optics observations with VLT/NACO. 



Rivinius et al.l (l2006f) discuss spec t roscop y of this Be-shell star and note no evidence of a 
binary companion. iMeilland et al.l (|2012| ) obtained preliminary A'-band interferometry with 
VLTI/ AMBER, but they did not resolve the disk in the continuum. 



HD 212076. No companions of 31 Peg are listed in the WDS. iRivinius et al.l (120031 ) describe 
the short term spectroscopic variations related to pulsations, but there is no evidence of a 
spectroscopic companion. 



HD 217675. IZhuchkov et al.l (120101 ) present a re-analysis of all the existing plus new astro- 
metric and radial velocity measurements for o And. They show that the system has a 2 + 2 
hierarchy and the pairs share a wide orbit with a period of 117 y. The A component is proba- 
bly a spectroscopic binary consisting of the Be star and late-B star companion in a 5.7 y orbit, 
while the B component consists of a pair of similar late-B stars in a 33 d spectroscopic orbit. 
We treated the B component as a single object because th e binary separat i on is so small, 
and then we corrected the visibilities using the orbits from IZhuchkov et al.l (120101 ) and the 
magnitude differen ces of AV{A,B) = 2.21 jzhuchkov et allboiol ) and AyfAa.Ab) = 1.90 
( iHorch et al.l 120041). The flux r atios in the i^-band wer e estimated using the — K color 
calibration from Iwegner (1994) and spectral types from Zhuchkov et al. (2010). 



HD 217891. No companio ns of Psc are listed i n the WDS and no ne were found in adap- 
tive optics observations by iRoberts et al.l (120071 ). iDachs et al.l (119861 ) discuss radial velocity 
measurements that appear to be relatively constant. 
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Fig. 1. — 1.1 - 1.8. Sampling of the frequency (u, v) plane for our Be star sample. Observa- 
tions conducted in thi s survey are indicated by star symbols while archived measurements 



-41 - 



-1000 1 ^ 

1000 



-1000 1 ^ 

1000 



500 -500 

u (cycles arcsec ') 



HD 138749 



H (cycles arcsec ) 
HD 142983 



500 -500 

u (cycles arcsec ') 



HD 164284 




-1000 1000 



-1000 1 ^ 

-1000 1000 



-1000 1 ^ 

1000 



500 -500 

u {cycles arcsec ') 



HD 142926 



500 -500 

u (cycles arcsec') 



HD 148184 



500 -500 

u (cycles arcsec ') 



HD 166014 



-1000 1 L 

1000 



500 -500 

u (cycles arcsec ') 



-1000 1 ^ 

1000 



500 -500 

u (cycles arcsec ') 



Fig. 1.- 



1.9 - 1.16. Sampling of the frequency (m, v) plane for our sample stars. 
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1.17 - 1.24. Sampling of the frequency {u,v) plane for our sample stars. 
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Fig. 2. — A series of combined fringe patterns for an assumed flux ratio of /2//1 = 0.5 and a 
projected separation of zero (upper panel), 1 fim (second panel from the top), 10 /xm (third 
panel from the top), and 30 /^.m (bottom panel). The 30 /xm separation would correspond 
to a projected angular separation of 20.6 mas for a 300 m baseline (see eq. 4). 
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Fig. 3. — The net visibility as a function of the binary projected separation for the fringe 
patterns shown in Fig. 2. 
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Fig. 4. — Model binary fringe patterns for /2//1 = 0.5 and a separation of 10 /xm. From top 
to bottom, the panels show the progressive appearance of the combined fringe patterns as 
the visibility of a star-plus-disk Vc drops from 1 to 0.25. 
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Fig. 5. — The relationship between the Be star visibihty Vc and the net observed visibihty 
Vg. The various hnes show the predictions for three binary separation values X2 (see Fig. 4 
for the X2 — 10 /im case). 
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Fig. 6. — A set of three Gaussian elliptical models of different {cp, ^maj) that produce a 
visibility point V — 0.8 at a 200 m projected basehne. The solid curve is for (cp, ^maj) — 
(0.156, 0.6 mas), the dotted curve is for (cp, ^maj) — (0.719, 1.2 mas), and the dashed curve 
is for (cp, ^maj) = (0.816, 2.4 mas). 
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Fig. 7. — The relation between Cp and ^maj = FWHM for Gaussian eUiptical visibihty models 
that go through the same observed point oiV — 0.8 at a 200 m basehne. 
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Fig. 8. — 8.1 - 8.8. Calibrated visibilities versus the effective baseline. The solid line and 
the dotted lines represent the Gaussian elliptical model along the major and minor axes, 
respectively, and the star signs represent the interferometric data. 
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Fig. 8. — 8.9 - 8.16. Calibrated visibilities versus the effective baseline. The sohd and 
the dotted lines represent the Gaussian elliptical model along the major and minor axes, 
respectively, and the star signs represent the interferometric data. 
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Fig. 8. — 8.17 - 8.24. Calibrated visibilities versus the effective baseline. The sohd hne and 
the dotted lines represent the Gaussian elliptical model along the major and minor axes, 
respectively, and the star signs represent the interferometric data. 
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Fig. 9. — A set of intensity profiles for a faint disk case. The diagram shows the stellar 
(uniform disk) flux (dotted line), the Gaussian circumstellar disk flux (dashed line), and 
their sum (upper sohd hne). In this case the Gaussian FWHM (indicated by the dashed- 
dotted line) is smaller than the stellar diameter, and the revised circumstellar disk radius 
(from eq. 21) is shown as lower solid line on the right side. 
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Fig. 10. — A comparison between the values of the fT-band photospheric contribution 
Cp(SED) derived from the SED fits and those from the Gaussian elliptical fits Cp(corr). 
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Fig. 11. — A comparison b etween the va l ues o f the disk axial ratio r{i) adopted from the 
stellar inclinations given by iFremat et al.l ( 120051 ) and those derived from interferometry (our 
estimates are indicated by square symbols while the rest are from prior work listed in Table 8). 
Thick dashed lines connect the various estimates from interferometry for the same star. 
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Fig. 12. — A comparison between the values of the disk long ap cis position angle PA adopted 
from the intrinsic polarization angle plus 90° (lMcDavidlll999l : Yudin et al. 2001) and those 
derived from interferometry (our estimates are indicated by square symbols while the rest 
are from prior work listed in Table 8). Thick dashed lines connect the various estimates from 
interferometry for the same star. 
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Fig. 13. — A comparison of the A'-band disk sizes with the Hct disk sizes {Rd/Rs = ^maj/^s 
with ^maj from Table 8 and 6s from Table 7). The dotted line represents a linear fit to the 
data with a slope of 4.0. Thick dashed lines connect multiple Ha measurements for the same 
star. 
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Fig. 14. — A plot of the approximate disk to star flux ratio F^/Fg = (1 — Cp)/cp(corr) as 
a function of a product related to the projected disk to stellar area on the sky. A linear 
relationship (unit slope line) may exist for large optically thick disks. The scatter is largest 
among faint disk systems (the lower, right point represents k, Dra = HD 109387). 
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Fig. 15. — A plot of the expected calibrated visibility measured at a baseline of 300 m for 
a Be star of type BO V (above) and B8 V (below) as a function of disk to stellar radius 
along the major axis. The thick solid, dotted, and dashed lines correspond to predictions 
for a star of visual magnitude 3, 5, and 7, respectively. The thin horizontal line marks the 
V = 0.8 criterion, and if the visibility drops below this line then the disk is detected with 
some confidence. 



-58- 



Table 1. Adopted Stellar Parameters 
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Table 2. Calibrator star angular diameters 



Calibrator Object T^ff log 9 Spectral E{B — V) 9ld ^'ud 

HD Number HD Number (K) Ref. (cm s""^) Ref. Class. (mag) Ref. (mas) (mas) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 



HD 


004999 


HD 


nnzLi so 

UU'i -LOU 


8970 




4.20 


2 


A2 V 


0.009 


3 


n '?0'^ -1-0 017 


n QOI -1- 091 


HD 




HD 




6065 


4 


3.86 


4 


F6 V 


0.009 


5 


n f^l -1- 09^ 


c^Ofi -1- Cll^ 
u.ouu in u.uotj 


HD 


011151 


HD 


Ui-UO -LU 


6405 


g 


4.00 


g 


F5 V 


0.003 




494 -1- 01 1 


41 fi -1- 09Q 


HD 




HD 


0221 92 

\j ^ ^ A- ^ 


6577 


5 


4.28 


g 


F6 V 


0.006 


7 


n 41 8 -1- n 01 8 


n 41 7 -1- n 028 


HD 


024167 


HD 


023630 


8200 


I 


4.01 


g 


A5 V 


0.016 


8 


n 94fi -1- n 01 =i 


n 24'^ -1- 01 7 


HD 


024^57 


HD 


023862 


6890 


I 


4.30 


2 


F4 V 


0.008 


8 


n 374 -1- n 01 4 


n Qfig -1- n n2f; 

W.iJUO _1_ Lf.WiilJ 


HD 




HD 




6440 


\ 


4.07 


g 


F5 V 


0.008 




n 074 _|_ n ni A 


n Q«7 _|_ n not; 


HD 


037147 


HD 




7200 


I 


4.13 


g 


FO V 


0.003 


8 


n 4nQ _|_ n noi 

yj.'-iKJrj _1_ yj.KJ^i. 


n QQ7 _|_ A noa 


HD 


057006 


HD 


058715 


6166 


9 


3.77 


9 


F8 V 


0.001 


7 


0.501 ±0.031 


0.491 ± 0.034 


HD 


111456 


HD 


109387 


6313 


10 


4.70 


10 


F6 V 


0.000 


7 


0.477 ±0.028 


0.467 ± 0.033 


HD 


142640 


HD 


142983 


6481 


4 


4.09 


4 


F6 V 


0.005 


7 


0.363 ±0.013 


0.356 ±0.025 


HD 


144585 


HD 


148184 


5831 


11 


4.03 


11 


G5 V 


0.005 


7 


0.438 ±0.012 


0.429 ± 0.030 


HD 


159139 


HD 


166014 


9550 


2 


4.17 


2 


Al V 


0.023 


8 


0.248 ± 0.013 


0.246 ±0.017 


HD 


161941 


HD 


164284 


10512 


12 


3.67 


12 


B9.5 V 


0.180 


3 


0.194 ±0.037 


0.194 ±0.014 


HD 


166233 


HD 


164284 


6661 


12 


3.57 


12 


F2 V 


0.003 


7 


0.405 ±0.026 


0.398 ±0.027 


HD 


168914 


HD 


166014 


7600 


2 


4.20 


2 


A7 V 


0.000 


13 


0.456 ±0.023 


0.450 ±0.031 


HD 


192455 


HD 


203467 


6251 


4 


4.05 


4 


F5 V 


0.003 


7 


0.504 ±0.026 


0.494 ± 0.035 


HD 


196629 


HD 


198183 


6996 


14 


4.25 


15 


FO V 


0.007 


8 


0.285 ±0.010 


0.280 ±0.020 


HD 


203454 


HD 


202904 


6146 


16 


4.50 


16 


F8 V 


0.001 


8 


0.406 ± 0.025 


0.398 ± 0.028 


HD 


211575 


HD 


209409 


6300 


17 


4.00 


17 


F3 V 


0.006 


7 


0.367 ±0.024 


0.360 ±0.025 


HD 


213617 


HD 


212076 


7259 


18 


4.40 


18 


Fl V 


0.017 


8 


0.278 ±0.010 


0.274 ±0.019 


HD 


217877 


HD 


217891 


5953 


6 


4.29 


6 


F8 V 


0.003 


7 


0.365 ±0.149 


0.358 ±0.025 


HD 


217926 


HD 


217891 


6528 


14 


3.63 


8 


F2 V 


0.005 


7 


0.335 ±0.013 


0.329 ±0.023 


HD 


218470 


HD 


217675 


6407 


19 


4.07 


19 


F5 V 


0.004 


7 


0.491 ±0.028 


0.482 ± 0.033 



CO 
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Table 3. Calibrated Visibilities 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"'^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 004180 


54756.622 


Sl/Wl 


-75.187 


-627.643 


278.114 


162.970 


0.705 


0.042 


0.689 


0.046 


HD 004180 


54756.629 


Sl/Wl 


-44.906 


-630.398 


278.055 


164.379 


0.693 


0.042 


0.838 


0.045 


HD 004180 


54756.637 


Sl/Wl 


-15.062 


-631.747 


278.024 


166.438 


0.821 


0.047 


0.826 


0.051 


HD 004180 


54756.649 


Sl/Wl 


19.818 


-631.622 


278.027 


169.637 


0.736 


0.044 


0.865 


0.048 


HD 004180 


54756.661 


Sl/Wl 


52.167 


-629.866 


278.067 


173.303 


0.767 


0.048 


0.793 


0.053 


HD 004180 


54757.610 


Sl/Wl 


-91.896 


-625.513 


278.157 


162.450 


0.812 


0.045 


0.863 


0.049 


HD 004180 


54757.626 


Sl/Wl 


-53.847 


-629.731 


278.070 


163.890 


0.569 


0.032 


0.670 


0.035 


HD 004180 


54757.633 


Sl/Wl 


-21.944 


-631.555 


278.029 


165.906 


0.724 


0.041 


0.762 


0.045 


HD 004180 


54757.645 


Sl/Wl 


11.396 


-631.820 


278.023 


168.790 


0.609 


0.032 


0.680 


0.035 


HD 004180 


54757.657 


Sl/Wl 


44.336 


-630.437 


278.054 


172.357 


0.790 


0.035 


0.863 


0.038 


HD 004180 


54757.665 


Sl/Wl 


77.830 


-627.335 


278.120 


176.648 


0.668 


0.029 


0.717 


0.031 


HD 004180 


54759.958 


Sl/El 


230.947 


-702.578 


325.380 


229.379 


0.609 


0.024 


0.670 


0.026 


HD 004180 


54759.965 


Sl/El 


251.849 


-693.810 


324.740 


232.929 


0.577 


0.022 


0.627 


0.024 


HD 004180 


54759.973 


Sl/El 


273.565 


-683.594 


323.945 


236.659 


0.596 


0.024 


0.651 


0.026 


HD 004180 


54759.985 


Sl/El 


297.619 


-670.821 


322.880 


240.810 


0.552 


0.024 


0.597 


0.027 


HD 004180 


54759.993 


Sl/El 


324.424 


-654.529 


321.402 


245.410 


0.498 


0.035 


0.547 


0.038 


HD 004180 


54767.629 


E1/E2 


122.971 


0.450 


54.103 


53.424 


0.948 


0.035 


1.002 


0.038 


HD 004180 


54767.637 


E1/E2 


124.960 


3.844 


55.004 


54.111 


0.861 


0.030 


0.899 


0.033 


HD 004180 


54767.641 


E1/E2 


126.845 


7.417 


55.902 


54.758 


0.837 


0.030 


0.865 


0.033 


HD 004180 


54767.649 


E1/E2 


128.894 


11.841 


56.948 


55.457 


0.876 


0.028 


0.903 


0.030 


HD 004180 


54767.657 


E1/E2 


130.759 


16.587 


57.990 


56.086 


0.934 


0.032 


0.961 


0.035 


HD 004180 


54767.665 


E1/E2 


131.999 


20.340 


58.760 


56.500 


0.910 


0.035 


0.933 


0.038 


HD 004180 


54767.668 


E1/E2 


133.025 


24.046 


59.475 


56.838 


0.875 


0.035 


0.893 


0.039 


HD 004180 


54767.692 


E1/E2 


135.194 


38.016 


61.787 


57.521 


0.946 


0.045 


0.974 


0.049 


HD 004180 


54767.700 


E1/E2 


135.336 


42.509 


62.411 


57.550 


0.990 


0.055 


1.025 


0.060 


HD 004180 


54767.708 


E1/E2 


135.106 


48.520 


63.159 


57.450 


0.924 


0.050 


0.960 


0.055 


HD 004180 


55130.751 


W1/W2 


-234.308 


64.271 


106.895 


106.693 


0.935 


0.055 


0.936 


0.060 


HD 004180 


55130.766 


W1/W2 


-240.004 


47.195 


107.615 


107.615 


0.952 


0.051 


0.988 


0.055 


HD 004180 


55130.778 


W1/W2 


-243.174 


31.895 


107.904 


107.769 


0.871 


0.046 


0.952 


0.050 


HD 004180 


55130.794 


W1/W2 


-244.593 


16.546 


107.858 


107.308 


0.872 


0.043 


1.007 


0.047 


HD 004180 


55130.805 


W1/W2 


-244.315 


1.671 


107.492 


106.283 


0.772 


0.042 


0.930 


0.046 


HD 005394 


54754.703 


Sl/Wl 


139.084 


-607.765 


274.306 


231.158 


0.303 


0.019 






HD 005394 


54754.711 


Sl/Wl 


165.175 


-600.436 


273.983 


227.589 


0.324 


0.021 







Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 005394 


54754.722 


Sl/Wl 


194.453 


-590.507 


273.525 


223.502 


0.350 


0.022 






HD 005394 


54754.730 


Sl/Wl 


219.570 


-580.451 


273.038 


219.937 


0..360 


0.022 






HD 005394 


54754.746 


Sl/Wl 


259.566 


-561.204 


272.040 


214.171 


0..394 


0.022 






HD 005394 


54754.754 


Sl/Wl 


280.443 


-549.397 


271.385 


211.130 


0.408 


0.023 






HD 005394 


54758.765 


Sl/El 


-354.366 


-576.322 


297.658 


296.711 


0.135 


0.013 






HD 005394 


54758.773 


Sl/El 


-335.716 


-592.279 


299.530 


297.903 


0.145 


0.011 






HD 005394 


54758.781 


Sl/El 


-314.532 


-608.507 


301.370 


298.796 


0.124 


0.011 






HD 005394 


54758.789 


Sl/El 


-294.521 


-622.229 


302.876 


299.257 


0.132 


0.010 






HD 005394 


54758.804 


Sl/El 


-255.926 


-644.924 


305.268 


299.276 


0.147 


0.011 






HD 005394 


54758.968 


Sl/El 


235.831 


-655.016 


306.292 


248.023 


0.186 


0.015 






HD 005394 


54758.976 


Sl/El 


256.817 


-644.451 


305.219 


244.459 


0.181 


0.011 






HD 005394 


54760.816 


Sl/El 


-210.001 


-666.447 


307.424 


298.080 


0.163 


0.010 






HD 005394 


54760.828 


Sl/El 


-177.144 


-678.694 


308.604 


296.556 


0.151 


0.008 






HD 005394 


54760.840 


Sl/El 


-137.760 


-690.286 


309.689 


294.109 


0.161 


0.010 






HD 005394 


54766.656 


E1/E2 


127.804 


-7.489 


56.326 


48.422 


0.969 


0.058 






HD 005394 


54766.668 


E1/E2 


130.796 


1.022 


57.547 


49.382 


0.882 


0.062 






HD 005394 


54766.672 


E1/E2 


131.950 


5.101 


58.097 


50.392 


0.840 


0.062 






HD 005394 


54766.680 


E1/E2 


132.995 


9.479 


58.661 


53.292 


0.877 


0.061 






HD 005394 


54766.699 


E1/E2 


134.968 


22.648 


60.211 


54.232 


0.848 


0.050 






HD 005394 


54766.703 


E1/E2 


135.250 


27.140 


60.691 


55.091 


0.850 


0.054 






HD 005394 


55116.718 


Sl/El 


-459.951 


-432.035 


277.633 


276.146 


0.219 


0.036 






HD 005394 


55116.726 


Sl/El 


-453.050 


-446.835 


279.962 


278.908 


0.103 


0.032 






HD 005394 


55153.031 


El/Wl 


-372.570 


592.870 


308.070 


233.694 


0.393 


0.027 






HD 005394 


55153.039 


El/Wl 


-393.023 


580.994 


308.609 


232.103 


0.364 


0.027 






HD 005394 


55154.023 


El/Wl 


-354.456 


602.648 


307.604 


235.204 


0.314 


0.018 






HD 010516 


54759.000 


Sl/El 


222.132 


-699.878 


323.058 


288.495 


0.753 


0.038 


0.787 


0.040 


HD 010516 


54759.008 


Sl/El 


244.525 


-690.563 


322.307 


292.424 


0.718 


0.036 


0.728 


0.038 


HD 010516 


54759.012 


Sl/El 


262.220 


-682.355 


321.615 


295.266 


0.778 


0.039 


0.778 


0.041 


HD 010516 


54759.020 


Sl/El 


282.941 


-671.709 


320.675 


298.271 


0.759 


0.033 


0.749 


0.035 


HD 010516 


54759.032 


Sl/El 


302.160 


-660.737 


319.655 


300.718 


0.773 


0.041 


0.763 


0.043 


HD 010516 


54759.040 


Sl/El 


327.099 


-644.721 


318.072 


303.338 


0.774 


0.039 


0.772 


0.042 


HD 010516 


54759.907 


Sl/El 


-48.629 


-738.941 


325.810 


218.245 


0.661 


0.023 


0.645 


0.025 


HD 010516 


54759.915 


Sl/El 


-27.475 


-740.209 


325.889 


225.058 


0.682 


0.025 


0.678 


0.026 



Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"'^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 010516 


54759.918 


Sl/El 


-6.288 


-740.771 


325.924 


231.666 


0.698 


0.026 


0.715 


0.027 


HD 010516 


54759.926 


Sl/El 


13.171 


-740.665 


325.917 


237.546 


0.674 


0.027 


0.711 


0.029 


HD 010516 


54759.930 


Sl/El 


31.856 


-740.004 


325.876 


248.579 


0.659 


0.0.30 


1.000 


0.100 


HD 010516 


54759.938 


Sl/El 


51.441 


-738.719 


325.796 


253.709 


0.618 


0.030 


0.692 


0.032 


HD 010516 


54759.946 


Sl/El 


70.139 


-736.921 


325.683 


214.956 


0.623 


0.032 


0.710 


0.034 


HD 010516 


54760.899 


Sl/El 


-58.610 


-738.096 


325.757 


222.431 


0.748 


0.038 


0.745 


0.040 


HD 010516 


54760.907 


Sl/El 


-35.711 


-739.799 


325.864 


229.572 


0.819 


0.042 


0.841 


0.044 


HD 010516 


54760.915 


Sl/El 


-13.076 


-740.667 


325.917 


236.415 


0.743 


0.043 


0.788 


0.045 


HD 010516 


54760.922 


Sl/El 


9.379 


-740.733 


325.921 


243.200 


0.740 


0.047 


0.811 


0.049 


HD 010516 


54760.930 


Sl/El 


32.475 


-739.973 


325.874 


248.976 


0.733 


0.044 


0.823 


0.047 


HD 010516 


54760.938 


Sl/El 


52.866 


-738.602 


325.789 


256.563 


0.767 


0.046 


0.867 


0.049 


HD 010516 


54760.946 


Sl/El 


80.824 


-735.640 


325.602 


260.335 


0.708 


0.042 


0.801 


0.045 


HD 010516 


54760.950 


Sl/El 


95.289 


-733.607 


325.472 


263.227 


0.698 


0.040 


0.781 


0.043 


HD 010516 


54769.723 


E1/E2 


135.096 


34.364 


61.330 


31.328 


0.912 


0.032 


1.021 


0.034 


HD 010516 


54769.755 


E1/E2 


134.101 


54.703 


63.720 


24.895 


0.874 


0.037 


0.981 


0.039 


HD 010516 


54769.762 


E1/E2 


133.191 


59.162 


64.120 


23.294 


0.915 


0.043 


1.024 


0.045 


HD 010516 


54769.766 


E1/E2 


132.223 


62.922 


64.424 


21.893 


0.882 


0.052 


0.988 


0.055 


HD 010516 


54769.774 


E1/E2 


131.148 


66.438 


64.682 


20.541 


0.888 


0.050 


0.994 


0.053 


HD 010516 


54769.782 


E1/E2 


129.555 


70.870 


64.970 


18.783 


0.900 


0.049 


1.005 


0.052 


HD 010516 


55116.910 


Sl/El 


-107.331 


-731.650 


325.344 


198.200 


0.809 


0.052 


0.907 


0.055 


HD 010516 


55116.922 


Sl/El 


-70.218 


-736.912 


325.683 


211.070 


0.774 


0.041 


0.869 


0.043 


HD 010516 


55128.868 


E1/E2 


101.151 


110.159 


65.798 


7.388 


0.992 


0.035 


1.041 


0.037 


HD 010516 


55128.883 


E1/E2 


90.130 


118.704 


65.574 


11.468 


0.995 


0.036 


1.044 


0.038 


HD 010516 


55128.895 


E1/E2 


84.477 


122.399 


65.432 


13.929 


0.977 


0.041 


1.025 


0.043 


HD 010516 


55131.856 


E1/E2 


102.124 


109.303 


65.813 


7.150 


0.954 


0.034 


1.010 


0.036 


HD 010516 


55131.864 


E1/E2 


97.846 


112.933 


65.741 


8.407 


0.934 


0.038 


0.988 


0.040 


HD 010516 


55131.872 


E1/E2 


94.108 


115.844 


65.665 


9.815 


0.997 


0.028 


1.053 


0.030 


HD 010516 


55131.876 


E1/E2 


89.598 


119.070 


65.561 


11.696 


0.930 


0.032 


0.980 


0.034 


HD 010516 


55152.739 


El/Wl 


688.207 


157.539 


310.617 


164.924 


0.610 


0.014 


0.649 


0.015 


HD 010516 


55152.743 


El/Wl 


685.155 


179.254 


311.589 


157.372 


0.611 


0.015 


0.663 


0.016 


HD 010516 


55152.751 


El/Wl 


681.154 


199.973 


312.330 


149.851 


0.610 


0.019 


0.674 


0.020 


HD 010516 


55152.758 


El/Wl 


676.420 


219.393 


312.862 


142.520 


0.635 


0.024 


0.710 


0.025 


HD 010516 


55152.762 


El/Wl 


670.547 


239.335 


313.245 


134.708 


0.643 


0.023 


0.722 


0.024 



Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


5V 


Vc 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 010516 


55153.754 


El/Wl 


677.482 


215.359 


312.765 


144.065 


0.564 


0.019 


0.633 


0.021 


HD 010516 


55153.762 


El/Wl 


668.702 


244.959 


313.323 


132.452 


0.588 


0.022 


0.664 


0.023 


HD 010516 


55153.766 


El/Wl 


661.393 


265.109 


313.495 


124.181 


0.639 


0.022 


0.714 


0.023 


HD 010516 


55153.774 


El/Wl 


653.107 


284.910 


3 13.. 500 


115.751 


0.660 


0.026 


0.724 


0.028 


HD 010510 


55153.782 


El/Wl 


(i 13.79!) 


::i01.5()(i 


3i:-!.:Ul 


107.121) 


O.Gli 


0.021 


0.1)87 


0.025 


HD 022192 


54754.914 


Sl/Wl 


396.051 


-484.932 


275.466 


274.850 


0.570 


0.020 






HD 022192 


54754.941 


Sl/Wl 


440.224 


-432.862 


271.628 


271.425 


0.594 


0.019 






HD 022192 


54754.973 


Sl/Wl 


475.710 


-367.638 


264.512 


261.392 


0.612 


0.019 






HD 022192 


54754.980 


Sl/Wl 


483.126 


-346.949 


261.689 


257.091 


0.640 


0.017 






HD 022192 


54754.988 


Sl/Wl 


487.960 


-329.929 


259.152 


253.183 


0.664 


0.017 






HD 022192 


54754.996 


Sl/Wl 


491.828 


-312.155 


256.290 


248.755 


0.616 


0.016 






HD 022192 


54755.004 


Sl/Wl 


494.654 


-293.205 


252.989 


243.655 


0.652 


0.015 






HD 022192 


54755.012 


Sl/Wl 


496.121 


-275.144 


249.595 


238.433 


0.695 


0.018 






HD 022192 


54755.019 


Sl/Wl 


496.414 


-257.767 


246.093 


233.080 


0.687 


0.017 






HD 022192 


54755.027 


Sl/Wl 


495.522 


-239.275 


242.098 


227.029 


0.654 


0.014 






HD 022192 


54761.008 


Sl/El 


31.538 


-744.865 


328.007 


254.144 


0.626 


0.031 






HD 022192 


54761.016 


Sl/El 


60.588 


-742.831 


327.904 


261.564 


0.645 


0.033 






HD 022192 


54761.028 


Sl/El 


90.950 


-739.309 


327.721 


268.924 


0.612 


0.031 






HD 022192 


54761.035 


Sl/El 


115.975 


-735.302 


327.505 


274.676 


0.620 


0.033 






HD 022192 


54761.043 


Sl/El 


136.228 


-731.306 


327.283 


279.113 


0.642 


0.035 






HD 022192 


54761.051 


Sl/El 


165.376 


-724.320 


326.875 


285.138 


0.527 


0.030 






HD 022192 


54761.059 


Sl/El 


192.011 


-716.593 


326.397 


290.248 


0.550 


0.032 






HD 022192 


54767.844 


E1/E2 


133.292 


60.179 


64.343 


25.844 


0.951 


0.035 






HD 022192 


54767.852 


E1/E2 


132.335 


63.837 


64.643 


24.805 


0.992 


0.050 






HD 022192 


54767.856 


E1/E2 


131.287 


67.204 


64.889 


23.841 


0.958 


0.051 






HD 022192 


54767.864 


E1/E2 


129.725 


71.458 


65.160 


22.626 


0.915 


0.055 






HD 022192 


54767.891 


E1/E2 


120.558 


88.550 


65.811 


18.207 


0.933 


0.058 






HD 022192 


54767.899 


E1/E2 


118.209 


91.831 


65.857 


17.569 


0.989 


0.059 






HD 022192 


55131.930 


E1/E2 


105.236 


106.142 


65.760 


16.662 


0.994 


0.031 






HD 022192 


55131.934 


E1/E2 


101.202 


109.690 


65.662 


17.098 


0.954 


0.035 






HD 022192 


55131.950 


E1/E2 


93.269 


115.809 


65.421 


18.612 


0.990 


0.037 






HD 023630 


54756.825 


Sl/Wl 


167.341 


-549.381 


252.672 


252.672 


0.964 


0.069 






HD 023630 


54756.868 


Sl/Wl 


282.276 


-525.282 


262.360 


262.360 


0.921 


0.058 







Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


5V 


Vc 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 023630 


54757.778 


Sl/Wl 


35.734 


-560.721 


247.197 


247.197 


0.982 


0.043 






HD 023630 


54757.798 


Sl/Wl 


95.433 


-557.466 


248.832 


248.832 


0.960 


0.046 






HD 023630 


54757.825 


Sl/Wl 


176.327 


-548.027 


253.285 


253.285 


0.864 


0.046 






HD 023630 


54792.767 


E1/E2 


135.180 


61.139 


65.274 


65.274 


0.898 


0.033 






HD 023630 


54792.779 


E1/E2 


134.040 


66.114 


65.756 


65.756 


0.938 


0.042 






HD 023630 


54792.795 


E1/E2 


131.545 


71.475 


65.867 


65.867 


0.880 


0.064 






HD 023630 


54792.822 


E1/E2 


124.778 


79.887 


65.185 


65.185 


0.857 


0.035 






HD 023630 


54792.838 


E1/E2 


118.104 


85.475 


64.142 


64.142 


0.814 


0.034 






HD 023630 


54793.806 


E1/E2 


128.331 


76.037 


65.628 


65.628 


0.995 


0.043 






HD 023630 


54793.818 


E1/E2 


124.264 


80.381 


65.113 


65.113 


0.867 


0.047 






HD 023630 


54793.834 


E1/E2 


119.532 


84.406 


64.379 


64.379 


0.931 


0.046 






HD 023630 


54793.846 


E1/E2 


114.828 


87.738 


63.580 


63.580 


0.918 


0.052 






HD 023630 


54793.853 


E1/E2 


110.004 


90.682 


62.722 


62.722 


0.907 


0.049 






HD 023630 


54793.873 


E1/E2 


98.911 


96.211 


60.708 


60.708 


0.833 


0.053 






HD 023630 


54793.885 


E1/E2 


92.072 


98.996 


59.480 


59.480 


0.915 


0.062 






HD 023630 


55153.806 


El/Wl 


690.865 


158.091 


311.812 


311.812 


0.896 


0.061 






HD 023630 


55153.814 


El/Wl 


690.464 


169.092 


312.756 


312.756 


0.936 


0.066 






HD 023862 


54757.860 


Sl/Wl 


271.038 


-528.484 


261.309 


261.988 


0.752 


0.035 






HD 023862 


54757.876 


Sl/Wl 


310.060 


-516.946 


265.211 


262.910 


0.759 


0.027 


0.873 


0.031 


HD 023862 


54757.888 


Sl/Wl 


341.209 


-505.860 


268.456 


262.534 


0.790 


0.024 


0.902 


0.028 


HD 023862 


54757.919 


Sl/Wl 


400.768 


-478.212 


274.511 


260.014 


0.872 


0.034 


0.994 


0.039 


HD 023862 


54757.942 


Sl/Wl 


436.869 


-454.827 


277.464 


248.860 


0.818 


0.035 


0.930 


0.040 


HD 023862 


54757.985 


Sl/Wl 


484.700 


-402.299 


277.134 


243.847 


0.836 


0.043 


0.954 


0.049 


HD 023862 


54792.830 


E1/E2 


122.541 


81.960 


64.861 


31.198 


0.944 


0.044 


1.079 


0.050 


HD 023862 


54793.826 


E1/E2 


123.236 


81.343 


64.966 


31.107 


0.939 


0.046 


1.074 


0.052 


HD 023862 


54793.849 


E1/E2 


113.734 


88.465 


63.394 


32.322 


0.974 


0.056 


1.104 


0.064 


HD 025940 


54756.711 


Sl/Wl 


-218.655 


-593.974 


278.471 


241.216 


0.761 


0.042 






HD 025940 


54756.726 


Sl/Wl 


-182.276 


-605.864 


278.360 


241.079 


0.751 


0.044 






HD 025940 


54756.746 


Sl/Wl 


-120.276 


-620.573 


278.110 


241.444 


0.779 


0.045 






HD 025940 


54756.754 


Sl/Wl 


-89.8550 


-625.449 


278.000 


241.913 


0.811 


0.049 






HD 025940 


54756.765 


Sl/Wl 


-55.292 


-629.230 


277.905 


242.681 


0.845 


0.050 






HD 025940 


54756.777 


Sl/Wl 


-23.801 


-631.092 


277.855 


243.593 


0.876 


0.051 






HD 025940 


54756.789 


Sl/Wl 


8.924 


-631.455 


277.845 


244.748 


0.792 


0.046 







Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 025940 


54756.797 


Sl/Wl 


9.953 


-630.324 


277.876 


246.029 


0.748 


0.040 






HD 025940 


54757.703 


Sl/Wl 


-231.784 


-589.029 


278.493 


241.323 


0.841 


0.050 






HD 025940 


54757.715 


Sl/Wl 


-201.126 


-600.025 


278.425 


241.119 


0.783 


0.048 






HD 025940 


54757.734 


Sl/Wl 


-142.573 


-616.044 


278.200 


241.223 


0.715 


0.042 






HD 025940 


54757.703 


Sl/Wl 


-231.784 


-589.029 


278.493 


241.323 


0.843 


0.049 






HD 025940 


54757.715 


Sl/Wl 


-201.126 


-600.025 


278.425 


241.119 


0.800 


0.049 






HD 025940 


54757.734 


Sl/Wl 


-142.573 


-616.044 


278.200 


241.223 


0.730 


0.042 






HD 025940 


54757.746 


Sl/Wl 


-108.068 


-622.708 


278.064 


241.609 


0.648 


0.034 






HD 025940 


54760.969 


Sl/El 


-157.314 


-727.311 


327.390 


284.001 


0.785 


0.044 






HD 025940 


54760.977 


Sl/El 


-130.427 


-733.384 


327.725 


284.706 


0.792 


0.043 






HD 025940 


54760.984 


Sl/El 


-101.866 


-738.510 


327.993 


285.508 


0.807 


0.043 






HD 025940 


54794.775 


E1/E2 


135.242 


46.831 


62.968 


60.035 


0.944 


0.044 






HD 025940 


54794.779 


E1/E2 


134.880 


51.319 


63.493 


60.291 


0.911 


0.048 






HD 025940 


54794.786 


E1/E2 


134.312 


55.403 


63.922 


60.470 


0.949 


0.055 






HD 025940 


54794.794 


E1/E2 


133.376 


60.087 


64.361 


60.614 


0.892 


0.052 






HD 025940 


54794.802 


E1/E2 


132.198 


64.546 


64.725 


60.691 


0.907 


0.055 






HD 025940 


54794.806 


E1/E2 


130.896 


68.544 


65.008 


60.711 


0.913 


0.054 






HD 025940 


54794.814 


E1/E2 


129.250 


72.798 


65.264 


60.684 


0.892 


0.054 






HD 025940 


54794.821 


E1/E2 


127.503 


76.677 


65.459 


60.616 


0.863 


0.054 






HD 025940 


54794.829 


E1/E2 


125.009 


81.470 


65.648 


60.474 


0.947 


0.062 






HD 025940 


55152.954 


El/Wl 


474.998 


488.627 


299.815 


267.938 


0.808 


0.025 






HD 025940 


55153.954 


El/Wl 


468.329 


493.237 


299.244 


267.042 


0.746 


0.017 






HD 037202 


54756.956 


Sl/Wl 


315.314 


-504.611 


261.789 


242.145 


0.400 


0.024 






HD 037202 


54756.964 


Sl/Wl 


340.858 


-496.489 


264.961 


249.143 


0.354 


0.024 






HD 037202 


54756.995 


Sl/Wl 


400.023 


-472.348 


272.327 


264.031 


0.402 


0.023 






HD 037202 


54757.007 


Sl/Wl 


420.278 


-461.613 


274.658 


268.510 


0.371 


0.021 






HD 037202 


54757.015 


Sl/Wl 


434.880 


-452.671 


276.174 


271.435 


0.358 


0.022 






HD 037202 


54757.022 


Sl/Wl 


446.674 


-444.449 


277.230 


273.545 


0.380 


0.021 






HD 037202 


54757.030 


Sl/Wl 


457.800 


-435.568 


278.014 


275.251 


0.390 


0.022 






HD 037202 


54757.042 


Sl/Wl 


467.205 


-426.849 


278.424 


276.385 


0.354 


0.019 






HD 037202 


54758.011 


Sl/Wl 


433.810 


-453.368 


276.069 


271.232 


0.461 


0.040 






HD 037202 


54758.019 


Sl/Wl 


446.273 


-444.747 


277.198 


273.478 


0.477 


0.045 






HD 037202 


54758.026 


Sl/Wl 


455.748 


-437.307 


277.889 


274.962 


0.435 


0.040 







Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 037202 


54758.038 


Sl/Wl 


466.863 


-427.191 


278.415 


276.351 


0.465 


0.045 






HD 037202 


54758.042 


Sl/Wl 


473.745 


-419.831 


278.498 


276.932 


0.483 


0.043 






HD 037202 


54758.054 


Sl/Wl 


481.449 


-409.981 


278.215 


277.172 


0.430 


0.039 






HD 037202 


54758.062 


Sl/Wl 


486.635 


-401.723 


277.629 


276.920 


0.407 


0.040 






HD 037202 


54758.065 


Sl/Wl 


490.242 


-394.520 


276.857 


276.373 


0.430 


0.040 






HD 037202 


54759.831 


Sl/El 


-492.805 


-525.895 


317.086 


63.133 


0.879 


0.053 






HD 037202 


54759.839 


Sl/El 


-492.697 


-534.146 


319.712 


62.032 


0.775 


0.047 






HD 037202 


54759.847 


Sl/El 


-491.534 


-542.350 


322.031 


60.727 


0.735 


0.047 






HD 037202 


54759.847 


Sl/El 


-490.830 


-545.410 


322.822 


60.193 


0.864 


0.050 






HD 037202 


54759.855 


Sl/El 


-488.463 


-552.947 


324.604 


58.782 


0.857 


0.041 






HD 037202 


54759.862 


Sl/El 


-485.327 


-560.197 


326.096 


57.325 


0.822 


0.030 






HD 037202 


54759.890 


Sl/El 


-459.301 


-593.680 


330.240 


50.643 


0.910 


0.034 






HD 037202 


54760.866 


Sl/El 


-481.087 


-567.847 


327.439 


55.721 


0.759 


0.052 






HD 037202 


54760.870 


Sl/El 


-477.619 


-573.084 


328.221 


54.610 


0.846 


0.061 






HD 037202 


54760.878 


Sl/El 


-469.439 


-583.359 


329.438 


52.497 


0.869 


0.063 






HD 037202 


54794.060 


E1/E2 


18.406 


108.120 


48.253 


21.920 


0.928 


0.058 






HD 037202 


54794.068 


E1/E2 


12.478 


108.366 


47.992 


23.965 


0.882 


0.063 






HD 037202 


54794.853 


E1/E2 


133.543 


67.679 


65.868 


31.835 


0.915 


0.028 






HD 037202 


54794.861 


E1/E2 


132.529 


69.650 


65.870 


31.021 


0.874 


0.029 






HD 037202 


54794.869 


E1/E2 


131.329 


71.550 


65.799 


30.160 


0.956 


0.031 






HD 037202 


54794.923 


E1/E2 


111.541 


87.405 


62.346 


19.810 


0.929 


0.043 






HD 037202 


54794.931 


E1/E2 


108.236 


89.064 


61.669 


18.368 


0.891 


0.043 






HD 037202 


54794.939 


E1/E2 


104.510 


90.774 


60.903 


16.808 


0.934 


0.042 






HD 058715 


54793.003 


E1/E2 


111.322 


74.499 


58.933 


46.343 


0.932 


0.057 






HD 058715 


54793.015 


E1/E2 


105.857 


75.560 


57.220 


44.910 


0.903 


0.052 






HD 058715 


54793.046 


E1/E2 


82.961 


76.871 


49.760 


38.982 


0.993 


0.044 






HD 058715 


54793.054 


E1/E2 


77.393 


77.381 


48.150 


37.775 


0.882 


0.044 






HD 058715 


54794.007 


E1/E2 


107.874 


75.186 


57.851 


45.434 


0.928 


0.048 






HD 058715 


54794.011 


E1/E2 


106.582 


75.428 


57.447 


45.098 


0.936 


0.049 






HD 058715 


54794.039 


E1/E2 


90.678 


77.888 


52.592 


41.179 


0.989 


0.063 






HD 058715 


54795.031 


E1/E2 


93.593 


77.497 


53.461 


41.863 


0.968 


0.062 






HD 058715 


54795.043 


E1/E2 


87.086 


78.339 


51.536 


40.361 


0.944 


0.060 






HD 058715 


54795.050 


E1/E2 


82.285 


78.894 


50.154 


39.312 


0.904 


0.053 







Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"'^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 058715 


54795.058 


E1/E2 


75.292 


79.617 


48.211 


37.883 


0.883 


0.050 






HD 058715 


54795.066 


E1/E2 


69.955 


80.106 


46.791 


36.881 


0.901 


0.047 






HD 058715 


55152.980 


El/Wl 


686.529 


183.952 


312.702 


258.769 


0.607 


0.039 






HD 058715 


55152.983 


El/Wl 


682.963 


187.829 


311.635 


257.515 


0.635 


0.042 






HD 058715 


55152.991 


El/Wl 


676.859 


192.760 


309.634 


255.360 


0.715 


0.026 






HD 058715 


55152.999 


El/Wl 


670.171 


197.000 


307.326 


252.998 


0.735 


0.026 






HD 058715 


55153.976 


El/Wl 


687.046 


183.269 


312.844 


258.950 


0.587 


0.026 






HD 058715 


55153.984 


El/Wl 


683.049 


187.747 


311.662 


257.545 


0.668 


0.026 






HD 058715 


55153.987 


El/Wl 


677.491 


192.309 


309.847 


255.583 


0.678 


0.028 






HD 058715 


55153.995 


El/Wl 


671.522 


196.209 


307.798 


253.474 


0.718 


0.030 






HD 058715 


55154.003 


El/Wl 


663.061 


200.777 


304.803 


250.490 


0.717 


0.027 






HD 109387 


55009.693 


S1/E2 


96.843 


-523.464 


234.213 


234.213 


0.925 


0.058 






HD 109387 


55009.709 


S1/E2 


135.285 


-512.037 


233.008 


2,33.008 


0.946 


0.053 






HD 109387 


55009.717 


S1/E2 


152.810 


-505.398 


232.298 


232.298 


0.875 


0.051 






HD 109387 


55009.740 


S1/E2 


202.086 


-481.294 


229.660 


229.660 


0.798 


0.050 






HD 109387 


55044.685 


Sl/El 


288.533 


-571.023 


281.480 


281.480 


0.744 


0.046 






HD 109387 


55340.800 


S2/W1 


454.859 


-39.202 


200.854 


200.854 


0.872 


0.055 






HD 109387 


55340.831 


S2/W1 


432.543 


37.965 


191.026 


191.026 


0.915 


0.060 






HD 109387 


55340.843 


S2/W1 


417.555 


71.308 


186.360 


186.360 


0.907 


0.045 






HD 138749 


54976.937 


E1/E2 


44.376 


121.248 


56.805 


52.440 


0.937 


0.036 


1.052 


0.041 


HD 138749 


54976.957 


E1/E2 


30.815 


123.292 


55.913 


53.560 


0.932 


0.043 


1.061 


0.049 


HD 138749 


55340.890 


S2/W1 


460.737 


-296.485 


241.040 


146.197 


0.945 


0.048 


1.038 


0.052 


HD 138749 


55368.678 


Sl/El 


-399.306 


-634.859 


329.970 


272.403 


0.864 


0.044 


0.904 


0.046 


HD 138749 


55368.694 


Sl/El 


-373.597 


-651.798 


330.534 


280.073 


0.825 


0.041 


0.937 


0.046 


HD 138749 


55368.706 


Sl/El 


-344.618 


-667.870 


330.650 


287.443 


0.899 


0.052 


0.956 


0.056 


HD 138749 


55381.760 


Sl/El 


-102.050 


-735.429 


326.662 


321.006 


0.864 


0.056 


0.938 


0.060 


HD 138749 


55381.787 


Sl/El 


-18.564 


-740.805 


326.029 


325.092 


0.932 


0.056 


1.000 


0.060 


HD 138749 


55382.740 


Sl/El 


-147.357 


-729.256 


327.330 


317.432 


0.866 


0.045 


0.915 


0.047 


HD 138749 


55382.763 


Sl/El 


-86.244 


-737.030 


326.478 


322.023 


0.828 


0.040 


0.830 


0.041 


HD 142926 


54666.774 


Sl/El 


30.879 


-750.619 


330.524 


107.198 


0.897 


0.096 






HD 142926 


54666.782 


Sl/El 


53.255 


-749.322 


330.506 


112.612 


0.857 


0.106 






HD 142926 


54666.833 


Sl/El 


209.170 


-719.762 


329.770 


159.389 


0.837 


0.140 






HD 142926 


55009.865 


S1/E2 


160.860 


-607.210 


276.365 


128.805 


0.933 


0.053 







Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


5V 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 142926 


55009.884 


S1/E2 


200.328 


-592.994 


275.381 


141.721 


0.963 


0.056 






HD 142926 


55009.888 


S1/E2 


214.384 


-586.912 


274.907 


146.379 


0.896 


0.051 






HD 142926 


55009.896 


S1/E2 


227.778 


-580.553 


274.378 


150.831 


0.899 


0.050 






HD 142926 


55009.920 


S1/E2 


267.352 


-557.979 


272.215 


163.967 


0.860 


0.071 






HD 142926 


55367.771 


Sl/El 


-226.953 


-713.827 


329.549 


102.526 


0.913 


0.051 






HD 142926 


55367.783 


Sl/El 


-195.798 


-723.839 


329.908 


96.554 


0.958 


0.056 






HD 142926 


55367.791 


Sl/El 


-166.932 


-731.570 


330.137 


92.492 


0.964 


0.059 






HD 142926 


55367.799 


Sl/El 


-141.225 


-737.295 


330.280 


90.200 


0.855 


0.048 






HD 142926 


55367.818 


Sl/El 


-89.774 


-745.697 


330.448 


89.627 


0.979 


0.054 






HD 142926 


55367.826 


Sl/El 


-62.982 


-748.541 


330.494 


91.432 


0.967 


0.060 






HD 142926 


55367.846 


Sl/El 


-7.623 


-751.234 


330.533 


99.191 


0.979 


0.069 






HD 142926 


55368.838 


Sl/El 


-22.053 


-750.940 


330.529 


96.697 


0.943 


0.032 






HD 142926 


55368.846 


Sl/El 


12.878 


-751.160 


330.532 


103.228 


0.944 


0.031 






HD 142926 


55368.857 


Sl/El 


46.772 


-749.770 


330.512 


110.993 


0.898 


0.030 






HD 142926 


55368.865 


Sl/El 


69.455 


-747.947 


330.485 


116.817 


0.889 


0.029 






HD 142926 


55368.873 


Sl/El 


92.188 


-745.391 


330.443 


123.064 


0.921 


0.030 






HD 142926 


55381.829 


Sl/El 


65.757 


-748.294 


330.490 


115.838 


0.902 


0.132 






HD 142926 


55382.779 


Sl/El 


-74.464 


-747.447 


330.477 


90.489 


0.948 


0.045 






HD 142926 


55382.790 


Sl/El 


-42.888 


-750.010 


330.516 


93.662 


0.982 


0.046 






HD 142926 


55382.802 


Sl/El 


-15.243 


-751.115 


330.531 


97.836 


0.924 


0.049 






HD 142926 


55382.806 


Sl/El 


7.932 


-751.231 


330.532 


102.205 


0.962 


0.049 






HD 142926 


55382.814 


Sl/El 


30.267 


-750.645 


330.525 


107.057 


0.884 


0.045 






HD 142983 


55011.700 


S1/W2 


112.136 


-295.380 


139.006 


70.132 


0.988 


0.074 






HD 142983 


55011.708 


S1/W2 


123.875 


-296.626 


141.428 


69.030 


0.938 


0.069 






HD 142983 


55011.716 


S1/W2 


135.067 


-297.955 


143.929 


68.210 


0.930 


0.072 






HD 142983 


55013.692 


S1/W2 


107.516 


-294.930 


138.111 


70.632 


0.950 


0.051 






HD 142983 


55013.700 


S1/W2 


118.650 


-296.054 


140.324 


69.490 


0.967 


0.050 






HD 142983 


55046.674 


Sl/Wl 


463.050 


-336.457 


251.826 


116.205 


0.875 


0.029 






HD 142983 


55046.682 


Sl/Wl 


471.151 


-342.022 


256.149 


118.248 


0.916 


0.035 






HD 142983 


55046.689 


Sl/Wl 


478.538 


-348.018 


260.328 


120.081 


0.888 


0.042 






HD 142983 


55046.701 


Sl/Wl 


488.031 


-358.161 


266.333 


122.365 


0.882 


0.046 






HD 142983 


55046.713 


Sl/Wl 


492.957 


-366.121 


270.157 


123.481 


0.850 


0.043 






HD 142983 


55046.721 


Sl/Wl 


495.510 


-373.100 


272.895 


124.000 


0.850 


0.044 







Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"'^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 142983 


55046.729 


Sl/Wl 


496.428 


-379.637 


274.956 


124.116 


0.775 


0.046 






HD 148184 


54627.787 


S2/W2 


126.666 


-224.698 


113.484 


110.056 


0.823 


0.040 






HD 148184 


54627.799 


S2/W2 


139.956 


-227.260 


117.426 


113.641 


0.893 


0.047 






HD 148184 


54627.807 


S2/W2 


152.452 


-230.007 


121.405 


117.284 


0.811 


0.046 






HD 148184 


54628.787 


S2/W2 


128.750 


-225.077 


114.082 


110.598 


0.872 


0.063 






HD 148184 


54628.799 


S2/W2 


145.465 


-228.429 


119.148 


115.215 


0.811 


0.055 






HD 148184 


54628.810 


S2/W2 


160.231 


-231.902 


124.014 


119.682 


0.914 


0.057 






HD 148184 


54628.822 


S2/W2 


174.203 


-235.711 


128.952 


124.243 


0.867 


0.055 






HD 148184 


54628.834 


S2/W2 


187.099 


-239.768 


133.806 


128.749 


0.919 


0.057 






HD 148184 


55013.786 


S1/W2 


221.156 


-292.421 


161.305 


155.327 


0.696 


0.044 






HD 148184 


55013.806 


S1/W2 


241.808 


-300.476 


169.689 


163.154 


0.753 


0.046 






HD 164284 


54627.825 


S2/W2 


89.106 


-328.711 


149.840 


137.424 


0.716 


0.040 


0.826 


0.046 


HD 164284 


54627.833 


S2/W2 


102.037 


-328.316 


151.262 


137.230 


0.709 


0.044 


0.807 


0.050 


HD 164284 


54627.845 


S2/W2 


114.585 


-327.870 


152.806 


137.136 


0.740 


0.040 


0.842 


0.046 


HD 164284 


54627.853 


S2/W2 


126.037 


-327.406 


154.351 


137.129 


0.826 


0.044 


0.949 


0.050 


HD 164284 


54627.861 


S2/W2 


137.571 


-326.880 


156.033 


137.199 


0.840 


0.044 


0.955 


0.050 


HD 164284 


54627.868 


S2/W2 


149.041 


-326.291 


157.823 


137.341 


0.844 


0.042 


0.968 


0.048 


HD 164284 


54627.876 


S2/W2 


159.587 


-325.685 


159.567 


137.534 


0.858 


0.046 


0.978 


0.052 


HD 164284 


54627.888 


S2/W2 


171.767 


-324.899 


161.691 


137.827 


0.872 


0.048 


0.997 


0.055 


HD 164284 


54627.896 


S2/W2 


181.990 


-324.157 


163.556 


138.128 


0.852 


0.044 


0.975 


0.050 


HD 164284 


54627.907 


S2/W2 


194.160 


-323.155 


165.865 


138.544 


0.920 


0.049 


1.051 


0.056 


HD 164284 


54627.915 


S2/W2 


203.831 


-322.248 


167.759 


138.912 


0.806 


0.044 


0.925 


0.050 


HD 164284 


54627.923 


S2/W2 


212.586 


-321.319 


169.508 


139.267 


0.792 


0.042 


0.900 


0.048 


HD 164284 


54627.935 


S2/W2 


220.166 


-320.410 


171.041 


139.582 


0.891 


0.054 


1.022 


0.062 


HD 166014 


54973.941 


E1/E2 


117.932 


88.141 


64.776 


63.092 


0.865 


0.026 


0.943 


0.029 


HD 166014 


54973.956 


E1/E2 


108.693 


94.991 


63.510 


60.733 


0.868 


0.030 


0.947 


0.032 


HD 166014 


54973.968 


E1/E2 


104.262 


97.711 


62.867 


59.522 


0.899 


0.025 


0.980 


0.027 


HD 166014 


54973.976 


E1/E2 


99.882 


100.132 


62.225 


58.290 


0.894 


0.022 


0.974 


0.024 


HD 166014 


54973.987 


E1/E2 


92.572 


103.694 


61.156 


56.174 


0.892 


0.029 


0.973 


0.031 


HD 166014 


54973.995 


E1/E2 


88.031 


105.652 


60.504 


54.832 


0.901 


0.026 


0.982 


0.029 


HD 166014 


54974.003 


E1/E2 


82.702 


107.736 


59.755 


53.238 


0.911 


0.030 


0.993 


0.033 


HD 166014 


55010.703 


S1/E2 


-352.074 


-516.042 


274.847 


238.510 


0.681 


0.045 


0.742 


0.049 


HD 166014 


55010.711 


S1/E2 


-345.619 


-522.711 


275.699 


237.513 


0.699 


0.044 


0.762 


0.048 



Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"'^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 166011 


55010.718 


S1/E2 


-338.381 


-529.463 


276.454 


236.262 


0.780 


0.051 


0.850 


0.056 


HD 166014 


55365.777 


Sl/Wl 


233.844 


-555.002 


264.970 


115.293 


0.887 


0.027 


0.967 


0.029 


HD 166014 


55365.800 


Sl/Wl 


292.489 


-537.299 


269.148 


120.120 


0.796 


0.031 


0.867 


0.034 


HD 166014 


55366.781 


Sl/Wl 


247.708 


-551.302 


265.911 


115.971 


0.793 


0.041 


0.864 


0.044 


HD 166014 


55366.789 


Sl/Wl 


269.495 


-544.901 


267.454 


117.620 


0.836 


0.049 


0.911 


0.053 


HD 166014 


55366.797 


Sl/Wl 


293.036 


-537.107 


269.189 


120.189 


0.941 


0.061 


1.026 


0.066 


HD 166014 


55366.804 


Sl/Wl 


314.703 


-529.032 


270.823 


123.257 


0.940 


0.056 


1.025 


0.061 


HD 166014 


55366.816 


Sl/Wl 


337.270 


-519.570 


272.530 


127.139 


0.902 


0.058 


0.983 


0.064 


HD 166014 


55368.742 


Sl/El 


-462.476 


-579.387 


326.159 


292.999 


0.853 


0.041 


0.930 


0.045 


HD 166014 


55368.754 


Sl/El 


-452.749 


-591.114 


327.587 


291.717 


0.764 


0.032 


0.832 


0.035 


HD 166014 


55368.761 


Sl/El 


-441.205 


-603.092 


328.762 


289.841 


0.731 


0.029 


0.797 


0.031 


HD 166014 


55368.773 


Sl/El 


-421.018 


-620.687 


329.975 


285.966 


0.772 


0.033 


0.841 


0.036 


HD 166014 


55368.781 


Sl/El 


-408.099 


-630.362 


330.383 


283.215 


0.700 


0.033 


0.763 


0.036 


HD 166014 


55368.793 


Sl/El 


-389.298 


-642.828 


330.641 


278.950 


0.832 


0.046 


0.907 


0.050 


HD 166014 


55368.797 


Sl/El 


-377.650 


-649.772 


330.653 


276.188 


0.903 


0.049 


0.984 


0.053 


HD 166014 


55368.804 


Sl/El 


-364.233 


-657.154 


330.564 


272.917 


0.758 


0.038 


0.827 


0.042 


HD 166014 


55368.820 


Sl/El 


-334.985 


-671.341 


330.094 


265.532 


0.863 


0.042 


0.940 


0.046 


HD 166014 


55381.695 


Sl/El 


-475.834 


-559.216 


323.048 


293.996 


0.771 


0.049 


0.841 


0.053 


HD 166014 


55381.703 


Sl/El 


-468.553 


-570.969 


324.962 


293.596 


0.781 


0.052 


0.852 


0.057 


HD 166014 


55381.711 


Sl/El 


-459.579 


-583.074 


326.638 


292.653 


0.771 


0.056 


0.840 


0.061 


HD 166014 


55381.718 


Sl/El 


-450.679 


-593.395 


327.833 


291.405 


0.752 


0.051 


0.819 


0.056 


HD 166014 


55381.726 


Sl/El 


-441.645 


-602.666 


328.725 


289.918 


0.725 


0.048 


0.790 


0.053 


HD 166014 


55382.687 


Sl/El 


-479.906 


-551.443 


321.625 


293.991 


0.704 


0.044 


0.768 


0.048 


HD 166014 


55382.691 


Sl/El 


-475.065 


-560.569 


323.283 


293.975 


0.793 


0.048 


0.864 


0.052 


HD 166014 


55382.699 


Sl/El 


-469.400 


-569.709 


324.771 


293.663 


0.879 


0.050 


0.958 


0.055 


HD 166014 


55382.707 


Sl/El 


-462.058 


-579.931 


326.231 


292.951 


0.808 


0.051 


0.880 


0.056 


HD 166014 


55382.711 


Sl/El 


-454.688 


-588.915 


327.340 


291.998 


0.824 


0.049 


0.898 


0.054 


HD 166014 


55383.711 


Sl/Wl 


184.316 


-566.091 


261.928 


115.219 


0.818 


0.042 


0.892 


0.045 


HD 166014 


55383.718 


Sl/Wl 


204.183 


-562.025 


263.083 


114.813 


0.887 


0.046 


0.967 


0.050 


HD 166014 


55405.655 


Wl/Sl 


-202.470 


562.417 


262.976 


114.824 


0.846 


0.050 


0.922 


0.054 


HD 166014 


55405.667 


Wl/Sl 


-233.675 


555.070 


264.956 


115.286 


0.966 


0.051 


1.053 


0.055 


HD 166014 


55405.694 


Wl/Sl 


-304.280 


533.059 


270.032 


121.696 


0.850 


0.046 


0.927 


0.050 


HD 166014 


55405.702 


Wl/Sl 


-324.862 


524.943 


271.591 


124.917 


0.954 


0.049 


1.040 


0.053 



Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


5V 


Vc 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 166014 


55105.710 


Wl/Sl 


-343.167 


516.929 


272.970 


128.262 


0.876 


0.047 


0.955 


0.051 


HD 166014 


55405.718 


Wl/Sl 


-361.824 


507.871 


274.339 


132.118 


0.826 


0.046 


0.900 


0.050 


HD 166014 


55405.655 


Wl/Sl 


-202.470 


562.417 


262.976 


114.824 


0.846 


0.050 


0.922 


0.054 


HD 166014 


55405.667 


Wl/Sl 


-233.675 


555.070 


264.956 


115.286 


0.966 


0.051 


1.053 


0.055 


HD 166014 


55405.694 


Wl/Sl 


-304.280 


533.059 


270.032 


121.696 


0.850 


0.046 


0.927 


0.050 


HD 166014 


55405.702 


Wl/Sl 


-324.862 


524.943 


271.591 


124.917 


0.954 


0.049 


1.040 


0.053 


HD 166014 


55405.710 


Wl/Sl 


-343.167 


516.929 


272.970 


128.262 


0.876 


0.047 


0.955 


0.051 


HD 166014 


55405.718 


Wl/Sl 


-361.824 


507.871 


274.339 


132.118 


0.826 


0.046 


0.900 


0.050 


HD 198183 


55010.885 


S1/E2 


-248.823 


-579.262 


277.372 


276.761 


0.635 


0.072 


1.083 


0.124 


HD 198183 


55010.897 


S1/E2 


-223.674 


-590.906 


277.979 


276.831 


0.668 


0.073 


1.091 


0.121 


HD 198183 


55365.845 


Sl/Wl 


110.766 


-603.531 


269.966 


251.306 


0.664 


0.027 


1.029 


0.041 


HD 198183 


55365.857 


Sl/Wl 


151.449 


-596.899 


270.935 


249.108 


0.704 


0.026 


1.069 


0.040 


HD 198183 


55365.865 


Sl/Wl 


172.252 


-592.632 


271.526 


248.034 


0.632 


0.026 


1.047 


0.042 


HD 198183 


55365.873 


Sl/Wl 


191.251 


-588.185 


272.116 


247.082 


0.514 


0.020 


0.832 


0.031 


HD 198183 


55365.877 


Sl/Wl 


212.566 


-582.540 


272.826 


246.042 


0.572 


0.022 


0.983 


0.034 


HD 198183 


55365.912 


Sl/Wl 


297.314 


-552.170 


275.912 


242.113 


0.732 


0.025 


1.030 


0.043 


HD 198183 


55367.967 


Sl/El 


-237.700 


-712.916 


330.632 


328.516 


0.521 


0.025 


0.835 


0.040 


HD 198183 


55367.978 


Sl/El 


-207.543 


-722.002 


330.518 


327.446 


0.641 


0.025 


1.048 


0.041 


HD 198183 


55367.990 


Sl/El 


-176.748 


-729.759 


330.350 


326.147 


0.597 


0.025 


0.982 


0.042 


HD 198183 


55368.002 


Sl/El 


-147.037 


-735.907 


330.172 


324.735 


0.610 


0.028 


1.045 


0.047 


HD 198183 


55381.956 


Sl/El 


-162.820 


-732.799 


330.267 


325.503 


0.587 


0.046 


0.991 


0.078 


HD 198183 


55381.983 


Sl/El 


-87.6450 


-744.582 


329.851 


321.557 


0.543 


0.040 


0.881 


0.066 


HD 198183 


55381.995 


Sl/El 


-49.5940 


-747.766 


329.712 


319.335 


0.598 


0.042 


1.023 


0.070 


HD 198183 


55382.842 


Sl/El 


-429.136 


-600.319 


324.662 


324.178 


0.590 


0.034 


1.004 


0.059 


HD 198183 


55382.846 


Sl/El 


-418.669 


-610.820 


325.806 


325.498 


0.526 


0.034 


1.000 


0.100 


HD 198183 


55382.854 


Sl/El 


-406.037 


-622.303 


326.916 


326.762 


0.611 


0.035 


1.000 


0.100 


HD 198183 


55382.862 


Sl/El 


-393.004 


-633.039 


327.821 


327.768 


0.631 


0.033 


0.998 


0.051 


HD 198183 


55382.874 


Sl/El 


-365.927 


-652.508 


329.141 


329.133 


0.600 


0.032 


1.000 


0.100 


HD 198183 


55383.753 


Sl/Wl 


-23.4060 


-610.649 


268.860 


259.400 


0.599 


0.021 


0.987 


0.033 


HD 198183 


55383.760 


Sl/Wl 


6.489 


-610.952 


268.812 


257.503 


0.542 


0.019 


0.816 


0.028 


HD 198183 


55383.772 


Sl/Wl 


37.555 


-610.131 


268.943 


255.581 


0.674 


0.020 


1.024 


0.031 


HD 198183 


55383.780 


Sl/Wl 


64.623 


-608.465 


269.208 


253.956 


0.621 


0.023 


0.886 


0.035 


HD 200120 


55009.970 


S1/E2 


-88.246 


-616.197 


273.870 


86.097 


0.933 


0.042 


1.015 


0.045 



Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


sv 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 200120 


55009.982 


S1/E2 


-57.199 


-620.607 


274.201 


85.011 


0.864 


0.044 


0.941 


0.048 


HD 200120 


55009.993 


S1/E2 


-29.247 


-622.938 


274.372 


85.704 


0.880 


0.050 


0.959 


0.054 


HD 200120 


55043.741 


Sl/El 


-471.532 


-489.003 


298.873 


201.254 


0.766 


0.040 


0.832 


0.043 


HD 200120 


55043.748 


Sl/El 


-464.247 


-505.268 


301.887 


198.479 


0.771 


0.045 


0.837 


0.049 


HD 200120 


55043.756 


Sl/El 


-455.980 


-521.176 


304.670 


195.354 


0.773 


0.047 


0.842 


0.051 


HD 200120 


55043.764 


Sl/El 


-447.224 


-535.966 


307.115 


192.074 


0.805 


0.048 


0.871 


0.052 


HD 200120 


55043.772 


Sl/El 


-437.289 


-550.880 


309.445 


188.387 


0.682 


0.043 


0.740 


0.046 


HD 200120 


55043.780 


Sl/El 


-426.982 


-564.750 


311.492 


184.603 


0.751 


0.041 


0.816 


0.045 


HD 200120 


55069.831 


E1/E2 


100.630 


110.012 


65.596 


43.030 


0.989 


0.043 


1.076 


0.047 


HD 200120 


55069.843 


E1/E2 


94.069 


115.029 


65.377 


40.448 


0.993 


0.051 


1.081 


0.055 


HD 200120 


55069.851 


E1/E2 


88.505 


118.781 


65.171 


38.310 


0.997 


0.056 


1.085 


0.061 


HD 200120 


55069.858 


E1/E2 


82.816 


122.213 


64.952 


36.175 


0.953 


0.053 


1.038 


0.057 


HD 200120 


55366.923 


Sl/Wl 


317.374 


-546.760 


278.143 


174.911 


0.968 


0.038 


1.050 


0.042 


HD 200120 


55366.934 


Sl/Wl 


342.486 


-530.269 


277.729 


183.497 


0.938 


0.036 


1.020 


0.039 


HD 200120 


55382.892 


Sl/El 


-347.147 


-641.213 


320.801 


156.839 


0.745 


0.038 


0.810 


0.041 


HD 200120 


55382.900 


Sl/El 


-324.485 


-656.784 


322.303 


149.544 


0.731 


0.035 


0.795 


0.038 


HD 200120 


55382.912 


Sl/El 


-302.793 


-669.990 


323.476 


142.857 


0.714 


0.035 


0.775 


0.038 


HD 200120 


55382.919 


Sl/El 


-277.582 


-683.543 


324.585 


135.499 


0.764 


0.037 


0.831 


0.040 


HD 200120 


55382.931 


Sl/El 


-245.074 


-698.552 


325.702 


126.769 


0.842 


0.041 


0.917 


0.045 


HD 202904 


54688.926 


Sl/El 


-18.049 


-747.138 


328.809 


127.427 


0.872 


0.045 






HD 202904 


54688.933 


Sl/El 


8.602 


-747.284 


328.799 


135.631 


0.766 


0.039 






HD 202904 


54688.945 


Sl/El 


43.737 


-746.215 


328.870 


146.820 


0.768 


0.042 






HD 202904 


54688.957 


Sl/El 


78.904 


-743.691 


329.033 


158.310 


0.759 


0.046 






HD 202904 


54688.969 


Sl/El 


109.304 


-740.306 


329.238 


168.389 


0.807 


0.049 






HD 202904 


54688.976 


Sl/El 


138.676 


-735.936 


329.483 


178.197 


0.644 


0.040 






HD 202904 


54688.988 


Sl/El 


176.052 


-728.726 


329.836 


190.705 


0.607 


0.038 






HD 202904 


54689.000 


Sl/El 


203.983 


-722.046 


330.107 


200.028 


0.674 


0.042 






HD 202904 


54689.012 


Sl/El 


236.219 


-712.834 


330.392 


210.711 


0.726 


0.048 






HD 202904 


55044.761 


Sl/El 


-462.100 


-563.445 


320.602 


136.641 


0.779 


0.040 






HD 202904 


55044.769 


Sl/El 


-453.250 


-576.138 


322.517 


132.771 


0.818 


0.049 






HD 202904 


55382.959 


Sl/El 


-212.399 


-719.802 


330.186 


86.195 


0.909 


0.038 






HD 202904 


55382.967 


Sl/El 


-187.013 


-726.241 


329.943 


88.507 


0.821 


0.034 






HD 202904 


55382.979 


Sl/El 


-154.719 


-733.074 


329.631 


93.215 


0.917 


0.044 







Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 






Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


HD 202904 


55382.987 


Sl/El 


-128.678 


-737.548 


329.396 


98.226 


0.861 


0.039 


HD 203467 


55044.891 


Sl/El 


-185.852 


-654.232 


299.227 


255.314 


0.879 


0.048 


HD 203467 


55044.903 


Sl/El 


-155.004 


-664.531 


300.217 


253.607 


0.839 


0.048 


HD 203467 


55044.919 


Sl/El 


-109.489 


-676.022 


301.301 


251.097 


0.885 


0.055 


HD 203467 


55044.926 


Sl/El 


-85.855 


-680.349 


301.703 


249.823 


0.827 


0.050 


HD 203467 


55044.934 


Sl/El 


-63.105 


-683.499 


301.993 


248.628 


0.832 


0.042 


HD 203467 


55044.942 


Sl/El 


-41.188 


-685.611 


302.187 


247.512 


0.855 


0.043 


HD 203467 


55044.954 


Sl/El 


4.236 


-687.155 


302.329 


245.339 


0.857 


0.045 


HD 203467 


55043.887 


Sl/El 


-210.332 


-644.501 


298.275 


256.648 


0.887 


0.068 


HD 203467 


55043.895 


Sl/El 


-189.240 


-652.971 


299.105 


255.501 


0.832 


0.067 


HD 203467 


55043.903 


Sl/El 


-165.099 


-661.393 


299.918 


254.167 


0.711 


0.052 


HD 203467 


55043.911 


Sl/El 


-143.541 


-667.829 


300.531 


252.971 


0.784 


0.057 


HD 203467 


55043.919 


Sl/El 


-120.150 


-673.710 


301.084 


251.680 


0.829 


0.058 


HD 203467 


55043.926 


Sl/El 


-95.132 


-678.781 


301.557 


250.319 


0.736 


0.053 


HD 203467 


55043.934 


Sl/El 


-74.639 


-682.025 


301.858 


249.229 


0.746 


0.050 


HD 203467 


55043.938 


Sl/El 


-52.206 


-684.661 


302.100 


248.068 


0.831 


0.055 


HD 203467 


55043.946 


Sl/El 


-29.587 


-686.367 


302.257 


246.938 


0.693 


0.045 


HD 203467 


55043.973 


Sl/El 


47.696 


-685.077 


302.138 


243.468 


0.731 


0.042 


HD 203467 


55043.981 


Sl/El 


74.719 


-682.014 


301.857 


242.422 


0.767 


0.047 


HD 203467 


55043.989 


Sl/El 


97.478 


-678.358 


301.518 


241.614 


0.905 


0.054 


HD 203467 


55043.997 


Sl/El 


120.190 


-673.701 


301.084 


240.878 


0.864 


0.060 


HD 203467 


55340.920 


S2/W1 


93.560 


-548.997 


245.010 


196.078 


0.855 


0.042 


HD 203467 


55340.932 


S2/W1 


132.342 


-540.130 


244.655 


195.480 


0.895 


0.044 


HD 203467 


55340.952 


S2/W1 


180.064 


-524.571 


243.999 


195.365 


0.934 


0.046 


HD 203467 


55340.963 


S2/W1 


215.169 


-509.503 


243.321 


195.725 


0.903 


0.045 


HD 203467 


55340.975 


S2/W1 


243.015 


-495.085 


242.633 


196.279 


0.889 


0.049 


HD 209409 


54687.767 


Sl/El 


-428.715 


-604.476 


326.044 


126.315 


0.811 


0.048 


HD 209409 


54688.779 


Sl/El 


-451.948 


-559.568 


316.460 


136.914 


0.759 


0.043 


HD 209409 


54688.795 


Sl/El 


-433.490 


-558.143 


310.926 


130.173 


0.763 


0.041 


HD 209409 


54688.806 


Sl/El 


-413.988 


-556.905 


305.301 


123.146 


0.734 


0.036 


HD 209409 


54688.818 


Sl/El 


-392.844 


-555.770 


299.436 


115.670 


0.816 


0.041 


HD 209409 


54688.838 


Sl/El 


-352.592 


-554.012 


288.922 


101.995 


0.826 


0.049 


HD 209409 


55011.921 


S1/W2 


55.456 


-363.928 


161.963 


80.066 


0.936 


0.062 



Vc SVc 
(10) (11) 



Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


5V 


Vc 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 209409 


55011.929 


S1/W2 


68.713 


-364.034 


162.990 


84.897 


0.943 


0.067 






HD 209409 


55011.937 


S1/W2 


81.916 


-364.163 


164.222 


89.801 


0.855 


0.057 






HD 209409 


55011.949 


S1/W2 


107.182 


-364.481 


167.148 


99.393 


0.854 


0.057 






HD 209409 


55011.956 


S1/W2 


119.283 


-364.667 


168.805 


104.067 


0.958 


0.057 






HD 209409 


55011.964 


S1/W2 


130.852 


-364.868 


170.540 


108.576 


0.794 


0.050 






HD 209409 


55012.914 


S1/W2 


49.312 


-363.887 


161.560 


77.863 


0.840 


0.040 






HD 209409 


55013.890 


S1/W2 


7.902 


-363.736 


160.068 


63.799 


0.870 


0.044 






HD 209409 


55013.925 


S1/W2 


70.078 


-364.046 


163.107 


85.400 


0.804 


0.036 






HD 209409 


55013.929 


S1/W2 


80.944 


-364.153 


164.124 


89.437 


0.925 


0.034 






HD 209409 


55013.937 


S1/W2 


92.515 


-364.285 


165.360 


93.794 


0.954 


0.043 






HD 209409 


55413.904 


S1/E2 


-107.555 


-489.067 


220.303 


58.038 


0.869 


0.030 






HD 209409 


55413.916 


S1/E2 


-84.546 


-488.843 


218.256 


61.262 


0.869 


0.030 






HD 209409 


55413.923 


S1/E2 


-65.526 


-488.701 


216.925 


64.905 


0.963 


0.033 






HD 209409 


55413.931 


S1/E2 


-41.632 


-488.575 


215.724 


70.513 


0.963 


0.036 






HD 209409 


55413.955 


S1/E2 


9.457 


-488.494 


214.950 


85.310 


0.936 


0.043 






HD 209409 


55414.838 


S1/E2 


-242.611 


-491.727 


241.230 


69.816 


0.945 


0.031 






HD 209409 


55414.853 


S1/E2 


-217.468 


-491.022 


236.260 


64.101 


0.955 


0.029 






HD 209409 


55414.861 


S1/E2 


-199.716 


-490.591 


233.031 


60.842 


0.950 


0.028 






HD 209409 


55414.869 


S1/E2 


-178.886 


-490.148 


229.549 


58.007 


0.940 


0.028 






HD 209409 


55414.880 


S1/E2 


-157.221 


-489.753 


226.293 


56.358 


0.931 


0.026 






HD 212076 


55045.880 


Sl/Wl 


359.202 


-456.312 


255.499 


255.368 


0.967 


0.043 






HD 212076 


55045.891 


Sl/VVl 


382.341 


-450.810 


260.068 


259.829 


0.935 


0.039 






HD 212076 


55367.880 


Sl/El 


-490.121 


-565.572 


329.265 


315.754 


0.780 


0.048 






HD 212076 


55367.892 


Sl/El 


-484.724 


-573.431 


330.348 


316.900 


0.873 


0.050 






HD 212076 


55367.904 


Sl/El 


-477.105 


-580.702 


330.659 


317.324 


0.845 


0.047 






HD 212076 


55367.916 


Sl/El 


-466.939 


-587.908 


330.315 


317.148 


0.921 


0.048 






HD 212076 


55367.927 


Sl/El 


-454.366 


-594.928 


329.352 


316.409 


0.902 


0.052 






HD 212076 


55367.939 


Sl/El 


-436.168 


-603.074 


327.452 


314.849 


0.991 


0.056 






HD 212076 


55368.900 


Sl/El 


-479.483 


-578.680 


330.639 


317.267 


0.874 


0.046 






HD 212076 


55368.920 


Sl/El 


-461.805 


-590.962 


329.972 


316.896 


0.900 


0.048 






HD 212076 


55368.931 


Sl/El 


-443.510 


-600.003 


328.268 


315.526 


0.911 


0.049 






HD 217675 


55044.819 


Sl/El 


-475.953 


-505.723 


305.541 


290.158 


0.743 


0.043 


0.950 


0.055 


HD 217675 


55044.826 


Sl/El 


-468.254 


-523.082 


308.877 


295.647 


0.721 


0.039 


0.925 


0.050 



Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


SV 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 217675 


55043.811 


Sl/El 


-483.744 


-483.104 


300.788 


282.589 


0.852 


0.043 


1.000 


0.100 


HD 217675 


55043.826 


Sl/El 


-472.681 


-513.528 


307.073 


292.661 


0.817 


0.042 


1.045 


0.054 


HD 217675 


55043.850 


Sl/El 


-445.976 


-560.784 


315.234 


306.536 


0.854 


0.046 


1.094 


0.059 


HD 217675 


55043.858 


Sl/El 


-434.472 


-576.193 


317.495 


310.540 


0.892 


0.049 


1.000 


0.100 


HD 217675 


55043.865 


Sl/El 


-421.916 


-591.043 


319.495 


314.126 


0.866 


0.056 


1.112 


0.071 


HD 217675 


55043.873 


Sl/El 


-408.693 


-604.988 


321.215 


317.227 


0.805 


0.056 


1.033 


0.072 


HD 217675 


55045.811 


Sl/Wl 


96.826 


-618.224 


275.311 


228.533 


0.728 


0.045 


0.943 


0.058 


HD 217675 


55045.815 


Sl/Wl 


112.630 


-615.927 


275.479 


224.681 


0.702 


0.046 


0.888 


0.059 


HD 217675 


55045.826 


Sl/Wl 


151.470 


-608.704 


275.974 


214.586 


0.669 


0.039 


0.864 


0.050 


HD 217675 


55045.850 


Sl/Wl 


212.086 


-592.603 


276.918 


196.908 


0.724 


0.036 


0.935 


0.047 


HD 217675 


55045.858 


Sl/Wl 


238.145 


-583.671 


277.346 


188.508 


0.657 


0.034 


0.867 


0.043 


HD 217675 


55046.803 


Sl/Wl 


84.6040 


-619.753 


275.198 


231.414 


0.761 


0.034 


0.973 


0.044 


HD 217675 


55046.815 


Sl/Wl 


118.710 


-614.946 


275.549 


223.161 


0.780 


0.038 


0.984 


0.049 


HD 217675 


55046.827 


Sl/Wl 


151.743 


-608.645 


275.978 


214.512 


0.882 


0.040 


1.000 


0.100 


HD 217675 


55046.834 


Sl/Wl 


182.281 


-601.295 


276.436 


205.909 


0.825 


0.039 


1.052 


0.050 


HD 217675 


55046.858 


Sl/Wl 


241.580 


-582.395 


277.402 


187.361 


0.804 


0.039 


1.058 


0.050 


HD 217675 


55046.866 


Sl/Wl 


269.911 


-570.920 


277.840 


177.526 


0.644 


0.033 


0.839 


0.042 


HD 217675 


55366.956 


Sl/Wl 


183.999 


-600.828 


276.460 


205.404 


0.716 


0.029 


0.920 


0.038 


HD 217675 


55366.964 


Sl/Wl 


209.194 


-593.508 


276.867 


197.806 


0.749 


0.031 


0.956 


0.040 


HD 217675 


55366.980 


Sl/Wl 


242.014 


-582.223 


277.405 


187.212 


0.770 


0.032 


0.979 


0.041 


HD 217675 


55383.926 


Sl/Wl 


223.567 


-588.828 


277.107 


193.271 


0.825 


0.039 


1.069 


0.050 


HD 217675 


55383.934 


Sl/Wl 


248.237 


-579.852 


277.509 


185.111 


0.824 


0.037 


1.059 


0.047 


HD 217675 


55383.950 


Sl/Wl 


288.692 


-562.311 


278.096 


170.607 


0.904 


0.050 


1.000 


0.100 


HD 217675 


55383.965 


Sl/Wl 


329.888 


-540.167 


278.468 


154.134 


0.907 


0.052 


1.000 


0.100 


HD 217675 


55383.973 


Sl/Wl 


348.011 


-528.757 


278.499 


146.223 


0.811 


0.050 


1.043 


0.064 


HD 217675 


55383.985 


Sl/Wl 


367.622 


-515.015 


278.391 


137.107 


0.700 


0.044 


0.892 


0.056 


HD 217675 


55383.993 


Sl/Wl 


384.824 


-501.550 


278.132 


128.551 


0.786 


0.048 


1.008 


0.062 


HD 217891 


54687.821 


Sl/El 


-456.640 


-578.466 


324.245 


322.770 


0.741 


0.049 






HD 217891 


54689.911 


Sl/El 


-265.340 


-593.779 


286.138 


285.201 


0.816 


0.055 






HD 217891 


54689.923 


Sl/El 


-237.812 


-594.869 


281.859 


280.178 


0.741 


0.051 






HD 217891 


54689.935 


Sl/El 


-208.736 


-595.854 


277.774 


275.059 


0.734 


0.043 






HD 217891 


54689.993 


Sl/El 


-27.3410 


-598.893 


263.765 


248.600 


0.902 


0.058 






HD 217891 


54690.009 


Sl/El 


14.6570 


-598.929 


263.586 


244.092 


0.891 


0.057 







Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


5V 


Vc 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 



HD 


217891 


54690 


907 


HD 


217891 


54690 


919 


HD 


217891 


54691 


927 


HD 


217891 


54691 


943 


HD 


217891 


55011 


982 


HD 


217891 


55011 


986 


HD 


217891 


55012 


955 


HD 


217891 


55012 


963 


HD 


217891 


55012 


979 


HD 


217891 


55012 


986 


HD 


217891 


55012 


994 


HD 


217891 


55013 


959 


HD 


217891 


55013 


971 


HD 


217891 


55013 


979 


HD 


217891 


55013 


986 


HD 


217891 


55013 


994 


HD 


217891 


55013 


998 


HD 


217891 


55045 


942 


HD 


217891 


55045 


950 


HD 


217891 


55045 


958 


HD 


217891 


55045 


969 


HD 


217891 


55045 


981 


HD 


217891 


55045 


993 


HD 


217891 


55046 


012 


HD 


217891 


55046 


020 


HD 


217891 


55414 


997 


HD 


217891 


55415 


005 


HD 


217891 


55415 


013 


HD 


217891 


55152 


608 


HD 


217891 


55152 


616 


HD 


217891 


55152 


623 


HD 


217891 


55153 


592 


HD 


217891 


55153 


600 



Sl/Wl 


406.283 


Sl/Wl 


429.165 


Sl/Wl 


441.134 


Sl/Wl 


460.388 


S1/W2 


90.2910 


81/ W2 


102.915 


S1/W2 


44.4740 


S1/W2 


60.8400 


S1/W2 


88.4290 


S1/W2 


102.024 


S1/W2 


115.925 


S1/W2 


61.197 


S1/W2 


83.840 


S1/W2 


95.628 


S1/W2 


106.524 


S1/W2 


119.643 


S1/W2 


132.252 


Sl/Wl 


416.604 


Sl/Wl 


433.474 


Sl/Wl 


446.526 


Sl/Wl 


457.573 


Sl/Wl 


472.818 


Sl/Wl 


480.466 


Sl/Wl 


492.688 


Sl/Wl 


495.282 


S1/E2 


22.898 


S1/E2 


44.433 


S1/E2 


62.762 


El/Wl 


690.717 


El/Wl 


690.649 


El/Wl 


689.367 


El/Wl 


687.498 


El/Wl 


689.590 



-410 


876 


254 


223 


-408 


495 


260 


676 


-407 


041 


264 


081 


-404 


244 


269 


554 


-393 


355 


177 


562 


-393 


067 


178 


764 


-394 


064 


174 


474 


-393 


869 


175 


343 


-393 


394 


177 


398 


-393 


089 


178 


675 


-392 


726 


180 


155 


-393 


864 


175 


365 


-393 


486 


177 


005 


-393 


238 


178 


053 


-392 


977 


179 


135 


-392 


619 


180 


580 


-392 


228 


182 


112 


-409 


857 


257 


121 


-407 


991 


261 


901 


-406 


324 


265 


617 


-404 


699 


268 


757 


-401 


951 


273 


033 


-400 


193 


275 


110 


-395 


930 


278 


084 


-394 


131 


278 


481 


-527 


803 


232 


421 


-527 


677 


232 


969 


-527 


505 


233 


709 


173 


262 


313 


305 


175 


406 


313 


507 


177 


274 


313 


164 


169 


694 


311 


552 


171 


435 


312 


629 



184.300 0.882 0.038 

187.690 0.948 0.039 

189.529 0.822 0.079 

192.545 0.883 0.087 

154.737 0.783 0.044 

154.193 0.814 0.050 

157.605 0.932 0.038 

156.422 0.972 0.037 

154.826 0.952 0.036 

154.228 0.908 0.037 

153.746 0.919 0.034 

156.398 0.898 0.044 

155.057 0.971 0.041 
154.494 0.941 0.046 

154.058 0.864 0.038 
153.640 0.894 0.042 
153.349 0.821 0.038 
185.806 0.909 0.036 
188.348 0.935 0.036 
190.369 0.877 0.034 
192.102 0.919 0.035 
194.488 0.744 0.033 
195.646 0.889 0.047 
197.241 0.860 0.044 

197.390 0.808 0.042 
214.139 0.851 0.043 
212.205 0.947 0.051 
210.730 0.880 0.052 
270.167 0.819 0.033 
270.612 0.783 0.036 
270.591 0.722 0.045 
268.309 0.815 0.036 

269.391 0.791 0.047 



Table 3 — Continued 



HD 


Date 


Telescope 


u 


V 


Baseline 


Effective 










Number 


(HJD-2400000) 


Pair 


(cycles arcsec"^) 


(cycles arcsec"^) 


(m) 


baseline (m) 


V 


5V 


Vc 


SVc 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


HD 217891 


55153.592 


El/Wl 


687.498 


169.694 


311.552 


268.309 


0.815 


0.036 






HD 217891 


55153.600 


El/Wl 


689.590 


171.435 


312.629 


269.391 


0.791 


0.047 
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Table 4. Binary Star Properties 



HD 


Number of 


Speckle 


Binary 


P 


a 


AK 






Number 


Components 


Obs. Ref. 


Designation 


(y) 


(mas) 


(mag) 


Corr. 


Ref. 


TTT~\ r\r\ A 1 on 

riu UU41oU 


3 


1 




2.824 


17 


2.6 


Y 


2 








Ba,Bb 


0.01: 


0.4: 


0: 


Y 


3 


HD 005394 


3 


1 


A,B 


1800: 


2070: 


6.5: 


N 


4 








Aa,Ab 


0.557 


8.2: 


3.5 - 5.5 


N 


5,6 


HD 010516 


2 


1 


A,B 


0.347 


4.9 


3.1 


Y 


7 


HD 022192 


1 


1 










N 


8 


HU 023630 


1 


1 










N 


4 


HD 023862 


3 


9 


Aa,Ab 


35: 


150: 


2.1: 


Y 


10 








Aal,Aa2 


0.597 


8.8 


1.0 - 5.0 


Y 


11 


HD 025940 


1 












N 


8 


HD 037202 


2 


1 


A,B 


0.364 


7.7 


2.7 - 4.5 


N 


12 


HD 058715 


1 


1 










N 


1 


HD 109387 


2 




A,B 


0.169 


3.3 


1.4 - 3.1 


N 


13 


HD 138749 


2 


14 


A,B 


161: 


582: 


1.8 


Y 


15 


HD 142926 


2 


1 


A,B 


0.126 


2.7 


1.0 - 2.5 


N 


16 


HD 142983 


1 












N 


17 


HD 148184 


2 




A,B 


0.0934 


3.1 


3.8 - 5.9 


N 


18 


HD 164284 


2 


14 


A,B 


43: 


103: 


2.1 


Y 


19 


HD 166014 


2 


14 








2.5 


Y 


3 


HD 198183 


3 


14 


A,B 


461 


770 


1.2 


Y 


20 








Aa,Ab 


11.63 


49 


0.7: 


Y 


21 


HD 200120 


3 


14 


Aa,Ab 


161: 


208: 


2.6 


Y 


22 








Aal,Aa2 


0.077 


1.1 


2.8 - 4.7 


Y 


23 


HD 202904 


1 


1 










N 


24 


HD 203467 


1 












N 


25 


HD 209409 


1 


1 










N 


26 


HD 212076 


1 


1 










N 


27 


HD 217675 


4 


14 


A,B 


117.4 


295 


2.2 


Y 


28 








Aa,Ab 


5.6 


61 


2.1 


Y 


28 








Ba,Bb 


0.090 


1.9 


0.0 


Y 


28 


HD 217891 


1 


1 










N 


29 



Ref erenc es. — 1. |Mason_et_al ] l|l997h: 2. iKoubskv et al] ||2010|'I: 3 . ICrundstroml boO'^: 4. [ Roberts et al 
5. iHarmanec et al.l 1I2OO0I) : 6. iMiroshnichenko et al.l ||2002|'): 7 . ICies eraL bOOit): 8. lOelaa et al. 



2007); 



2011); 9. iMason et al.l l ll993f): 10. iLuthardt fc Menchenkoval lll994l) : 1 1. iNemravova et al.l 1 I2OIOI) : 12 



Ruzdiak et al.l ||2009|') :^. ISaad et al.l 1 20051'): 14 iMason et al 



Rivinius et al.l 



Koubsky et al.' 

Starikova (1982) : 21. iBaleg a fc Balega (198 8); 22 
20051) ; 24. INcincr ct al. (2005); 25. Koubsk y et al 
20031 ); 28. Izhuchkov et al., 1,2010 '): 29. ,Dachs et al 




20091): 15 . iFabricius 
Harmane^ ( ll987^ 



19. 



Makarovl (12000 
Tokovinin et al.1 1I2OIC 



priv. 



120031) : 26. lOudmaiier 
Il986l ). 



co mmunicatio n; 23 
Parj ( l2O10l) : 27. |Ri 



Maintz et al. 



vinius et al. 



Table 5. Adopted Binary Orbital Elements 



HD 


P 


e 


T 


UJ 


a 


i 


n 






Number 






(HJD) 




(mas) 








Ref. 


HD 004180 


1031.550 


0.00 


2452792.200 


180.0 


17.00 


115.0 


267 


2.6 


Koubskv et al. (2010) 


HD 010516 


126.673 


0.00 


2450091.770 


180.0 


4.90 


72.5 


117 


3.1 


Gies et al. (1998) 


HD 023862 


12615.000 


0.90 


2453629.000 


115.0 


150.47 


138.0 


357 


2.1 


This work 


HD 138749 


73048.440 


0.50 


2433000.000 


30.0 


581.61 


98.0 


21 


1.8 


This work 


HD 164284 


9861.539 


0.40 


2451150.000 


165.0 


103.23 


52.0 


180 


2.1 


This work 


HD 198183 


4272.603 


0.52 


2444797.000 


253.5 


48.70 


135.1 


119 


0.7 


^aize Q993), this work 


HD 198183 


168559.275 


0.35 


2378057.800 


322.0 


770.00 


146.3 


144 


1.2 


Baize (1983) 


HD 200120 


58973.320 


0.26 


2460416.414 


265.5 


207.60 


145.8 


205 


2.6 


B. Mason, priv. comm. 


HD 217675 


2059.966 


0.22 


2452859.405 


55.0 


61.00 


152.0 


318 


2.1 


Zhuchkov et al. (20101 


HD 217675 


42879.434 


0.37 


2455050.859 


144.2 


295.00 


109.6 


7 


2.2 


Zhuchkov et al. (2010") 



Table 6. SED fits of Be Stars 



HD E{B-V) SE(B-V) Os Sds E*{UV - K) SE*(UV - K) 



Number 


(mag) 


(mag) 


(mas) 


(mas) 


(mag) 


(mag) 




Cp 


Scp 


HD 004180 





.118 





.008 


0. 


,333 


0, 


,009 


0, 


,070 





.016 


0, 


,938 


0, 


,014 


HD 005394 


0, 


.096 


0, 


.008 


0. 


,446 


0, 


,012 


1, 


,442 


0, 


.230 


0, 


,265 


0, 


,057 


HD 010516 


0, 


.162 


0, 


.010 


0. 


,235 


0, 


,008 


0, 


,936 


0, 


.283 


0, 


,422 


0, 


,111 


HD 022192 





.099 


0, 


.008 


0. 


,307 


0, 


,008 


0, 


,533 


0, 


.264 


0, 


,612 


0, 


,150 


HD 023630 


0, 


.014 





.008 


0. 


,638 


0, 


,019 


0, 


,662 





.234 


0, 


,544 


0, 


,118 


HD 023862 


0, 


.017 


0, 


.008 


0. 


,229 


0, 


,006 


0, 


,547 


0, 


.023 


0, 


,604 


0, 


,013 


HD 025940 


0, 


.104 


0, 


.008 


0. 


,329 


0, 


,009 


0, 


,671 


0, 


.312 


0, 


,539 


0, 


,157 


HD 037202 





.044 





.009 


0. 


,445 


0, 


,015 


0, 


,785 





.280 


0, 


,485 


0, 


,127 


HD 058715 


0, 


.001 


0, 


.008 


0. 


,664 


0, 


,020 


0, 


,175 


0, 


.264 


0, 


,851 


0, 


,209 


HD 109387 


0, 


.022 


0, 


.008 


0. 


,385 


0, 


,011 


0, 


,435 


0, 


.036 


0, 


,670 


0, 


,022 


HD 138749 


0, 


.000 


0, 


.008 


0. 


,296 


0, 


,008 


0, 


,198 


0, 


.019 


0, 


,833 


0, 


,014 


HD 142926 


0, 


.012 





.008 


0. 


,183 


0, 


,005 


0, 


,202 





.015 


0, 


,830 


0, 


,011 


HD 142983 





.000 





.007 


0. 


,172 


0, 


,004 


1, 


,329 





.020 


0, 


,294 


0, 


,005 


HD 148184 


0, 


.354 


0, 


.010 


0. 


,201 


0, 


,007 


2, 


,008 


0, 


.280 


0, 


,157 


0, 


,041 


HD 164284 


0, 


.089 


0, 


.008 


0. 


179 


0, 


,005 


0, 


,328 


0, 


.027 


0, 


,739 


0, 


,018 


HD 166014 


0, 


.000 


0, 


.007 


0. 


,521 


0, 


,013 


0, 


,066 


0, 


.354 


0, 


,941 


0, 


,312 


HD 198183 





.000 


0, 


.007 


0. 


,199 


0, 


,005 


0, 


,314 


0, 


.029 


0, 


,749 


0, 


,020 


HD 200120 


0, 


.000 





.007 


0. 


,149 


0, 


,004 


1, 


,446 





.348 


0, 


,264 


0, 


,086 


HD 202904 


0, 


.113 





.008 


0. 


,295 


0, 


,009 


0, 


,053 





.404 


0, 


,952 


0, 


,363 


HD 203467 





.156 





.010 


0. 


,197 


0, 


,007 


0, 


,948 





.031 


0, 


,418 


0, 


,012 


HD 209409 


0, 


.015 


0, 


.008 


0. 


,268 


0, 


,007 


0, 


,472 


0, 


.016 


0, 


,647 


0, 


,010 


HD 212076 





.059 


0, 


.008 


0. 


189 


0, 


,005 


0, 


,782 


0, 


.017 


0, 


,487 


0, 


,008 


HD 217675 





.046 


0, 


.008 


0, 


,396 


0, 


,010 


0, 


,003 


0, 


.458 


0, 


,997 


0, 


,443 


HD 217891 


0, 


.001 


0, 


.008 


0. 


,259 


0, 


,008 


0, 


,330 





.020 


0, 


,738 


0, 


,014 



Table 7. Gaussian Elliptical Fits of the Interferometric Visibilities 



HD 

IxTi iTTi nfir 


r 

(2) 


Sr"- 
(3) 


PA 
(deg 


') 


(deg) 
(5) 


Cp 

(6) 


(7) 


^maj 

(mas) 
(8) 


(mas) 
(9) 


xl 

(10) 


Cp (corr) 
(11) 


5cp (corr) 
(12) 




iRd/Rs 
(14) 


Res. 
C15'I 


HD 004180 


n 
u 


. ooo 


n 
u 




101. 


,4 




Q 
.O 


n 
u. 




n 
u. 


nnn 
.uuu 




097 
UZ ( 


n 

u. 


1 7*^ 
■ ± 1 o 


o. 


. uo 


n 
u. 


.ooo 


n 

u. 




3.243 


n 

u. 




Y 


HD 005394 





.722 





.038 


38. 


.2 


5 


.0 


0. 


.082 


0. 


.036 




.236 


0. 


.063 


15, 


.63 


0. 


.190 


0. 


.032 


2.946 


0. 


.134 


Y 


HD 010516 


n 

u. 


1 on 


n 

u. 


.uuu 


135. 


.5 


Q 

o. 


c. 
.o 


n 

u. 




n 
u. 




2 


441 


n 

u. 


1 

. -Lyo 


Q 

o. 


1 8 


n 
u. 


7nn 
. / uu 


u. 


.U-LO 


10.437 


n 

u. 


.ooo 


Y 


HD 022192 


n 

u. 




n 

u. 




136. 


.8 


4 


c: 
.o 


n 

u. 


.O J-O 


n 
u. 


nnn 
.uuu 




n^n 
.uou 


n 

u. 


264 




f^n 
.ou 


n 

u. 


612 


n 

u. 


.uyu 


3.502 


n 
u. 


.oyo 


Y 


HD 023630 


1 


.000 





.000 


00. 


.0 





.0 


0. 


.448 


0, 


.297 


0, 


.091 


0, 


.000 


5 


.85 




.000 


0. 


.000 


1.010 


0. 


.000 


N 


HD 023862 


Q 


.438 


Q 


.000 


159. 


,0 


Q 


.0 


0. 


500 


0, 


.000 


0, 


.364 


0, 


220 


3 


.33 


Q 


.715 


0. 


.057 


1.879 


2 


.315 


M 


HD 025940 
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■Uncertainty of zero indicates cases where the model parameter was fixed in advance of the fit. 
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Table 8. Other Interferometric Results 
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Table 9. Linear Rotational and Critical Velocities 



HD 


y sini 


Vcrit 








Number 


(km s-l) 


(km s-i) 


(km s-i) 


Kot/Krit 


^rot/^crit 


HD 004180 


208±13 


332±21 


249±26 


0.75±0.09 


0.91±0.06 


HD 005394 


441±27 


577±36 


599±37 


1.04±0.09 


^ 1 


HD 010516 


462±33 


590±42 


487± 6 


0.82±0.06 


0.96±0.03 


HD 022192 


295±15 


397±20 


310±70 


0.78±0.18 


0.93±0.11 


HD 023630 


149± 8 


274±15 


216±20 


0.79±0.09 


0.94±0.05 


HD 025940 


220±13 


386±21 


323±82 


0.84±0.22 


0.96±0.10 


HD 037202 


326± 7 


466±13 


333± 6 


0.71±0.02 


0.89±0.02 


HD 058715 


231±14 


380±24 


327±91 


0.86±0.25 


0.97±0.10 


HD 142983 


407±22 


501±28 


484±56 


0.97±0.12 


l.OOitO.Ol 


HD 202904 


167±20 


468±30 


171± 7 


0.37dz0.03 


0.52±0.04 


HD 209409 


282±20 


391±27 


288± 4 


0.74±0.05 


0.90±0.04 


HD 217891 


lOOit 6 


367±24 


135±44 


0.37±0.12 


0.53±0.16 



